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TOTAL PRODUCTION COST

Production pirect Labor + Direct Material +

Cost = i
Eormula Overhead Costs on Manufacturing
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Tahle 17.1 Cost Sheet Outline”

Cost Factor

Typical Factor in American Engineering Units

Typical Factor in SI Units

Feedstocks (raw materials) WWW.ICiS.com

Utilities
Steam, 450 psigh
Steam, 150 psig®
Steam, 50 psig”
Electricity®
Cooling water (cw)*
Process water”
Boiler-feed water (bfw)*
Refrigeration, — 150°F*
Refrigeration, — 90°F?
Refrigeration, —30°F*
Refrigeration, 10°F*
Chilled water, 40°F*
Natural gas
Fuel oil
Coal—Appalacia, 12,500-13,000 Btw/Ib
Coal—Powder River Basin, 8,800 Btu/lb
Wastewater treatment®
Landfll

$8.00/1,000 Ib
$7.00/1,000 Ib
$6.00/1.000 Ih
$0.070/W-hr
$0.10/1,000 gal
$0.80/1,000 gal
$2.00/1,000 gal
$10.00/ton-day
$7.00/ton-day
$4.00/ton-day
$2.00/ton-day
$1.50/ton-day
$5.00/1,000 SCF
$3.50/gal
$60/ton

$13/ton

$0.15/b organic removed
$0.08/dry Ib

$17.60/1,000 kg
$15.30/1,000 kg
$13.20/1,000 kg
50.070/kW-hr
$0.027/m*
£0.27/m’
$0.56/m”
$33.20/GJ
£23.30/GJ
$13.17/G]
S6.47/G]
$5.00/GI
50.213/5CM
5933/m?
$66/1,000 kg
$14.34/1,000 kg
50.33/kg organic removed
$0.17/drykg
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Table 17.1 Cost Sheet Outline?

Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
Operations (labor-related) (O) (See Table 17.3)
Direct wages and benefits (DW&B) $40/operator-hr S40/operator-hr
Direct salaries and benefits 15% of DW&B 15% of DW&B
Operating supplies and services 6% of DW&B 6% of DW&B
Technical assistance to manufacturing $60,000/(operator/shift)-yr S60,000/(operator/shift)-y
Control laboratory $65,000/(operator/shift)-yr $65,000/(operator/shift)-y

Maintenance (M)
Wages and benefits (MW&B)

Fluid handling process 3.5% of Crpe 3.5% of Crpe
Solids-fluids handling process 4.5% of Copye 4.5% of Crpe
Solids-handling process 5.0% of Crpe 5.0% of Crpe
Salaries and benefits 25% of MW&B 25% of MW&B
Materials and services 100% of MW&B 100% of MW&B
Maintenance overhead 5% of MW&B 5% of MW&B
Operating overhead
General plant overhead 7.1% of M&O-SW&B 7.1% of M&O-SW&B
Mechanical department services 2.4% of M&O-SW&B 2.4% of M&O-SW&B
Employee relations department 5.9% of M&O-SW&B 5.9% of M&O-SW&B
Business services 7.4% of M&O-SW&B 7.4% of M&O-SW&B
Property taxes and insurance 2% of Crpe 2% of Crpe
Depreciation (see also Section 17.6)
Direct plant 8% of (Crpe — 1.18 Cyyy) 8% of (Crpe — 1.18Cy.)
Allocated plant 6% of 1.18C, 0 6% of 1.18C,,,,
Rental fees (office and lab space) (no guideline) (no guideline)
Licensing fees (no guideline) (no guideline)
COST OF MANUFACTURE (COM) Sum of above Sum of above

ol (glm aisim

Table 17.1 Cost Sheet Outline?

Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
General Expenses
Selling (or transfer) expense 3% (1%) of sales 3% (1%) of sales
Direct research 4.8% of sales 4.8% of sales
Allocated research 0.5% of sales 0.5% of sales
Administrative expense 2.0% of sales 2.0% of sales
Management incentive compensation 1.25% of sales 1.25% of sales
TOTAL GENERAL EXPENSES (GE)
TOTAL PRODUCTION COST (C) COM + GE COM + GE
4 DW&B = direct wages and benefits; MW&B = mai ¢ wages and benefits; M&O-SW&B = maintenance and operations salary, wages, and benefits. Sce

Table 16.9 for Cype and C,yy,.. 1 ton of refrigeration = 12,000 Btu/hr.
bassumes natural gas is the encrgy source.

“normal wastewater and organics - amenable to acrobic and anacrobic digestion.
Source: Busche, 1995 with modifications.
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No. of operating days per year
365

Operating factor =
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Table 12.1 Heat-Transfer Media

Typical Temperature
Medium Range (°F)
Coolants
Ethylene —-150 to =100
Propylene —50to 10
Propane —40 to 20
Ammonia -30to 30
Tetrafluoroethane —15 to 60
Chilled brine 0 to 60
Chilled water 45 to 90
Cooling water 90 to 120
Air 90 to 140

Boiler feed water 220 to 450
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Table 17.2 Typical Heating Values of Fuels
Fuel HHV LHV
Pennsylvania anthracite coal 13,500 Btu/lb
Ilinois bituminous coal 12,500 Btu/lb
Wyoming subbituminous coal 9,500 Btu/lb
North Dakota lignite coal 7,200 Btu/lb
No. 2 fuel oil (33° APT) 139,000 Btu/gal 131,000 Btu/gal

No. 4 fuel oil (23.2° APD)
Low-sulfur No. 6 fuel oil (12.6° API)

145,000 Btu/gal
153,000 Btuw/gal

137,000 Btu/gal
145,000 Btu/gal

Methyl alcohol 9,550 Btu/lb

Ethyl alcohol 12,780 Btu/Tb

Benzene 17,986 Btu/lb 17,259 Btu/lb
Hydrogen 322 Bw/SCF 272 Btw/SCF
Carbon monoxide 321 Buu/SCF 321 Btw/SCF
Methane 1,012 Bwu/SCF 907 Btw/SCF
Ethane 1,786 Btu/SCF 1,601 Btuw/SCF
Propane 2,522 Bu/SCF 2,312 Btu/SCF
Natural gas (8595 vol% methane) 1.020~1,090 Btw/SCF 920-990 Btu/SCF
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Table 17.1 Cost Sheet Outline?

Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
Operations (labor-related) (O) (See Table 17.3)
| Direct wages and benefits (DW&B)I $40/operator-hr S40/operator-hr
Direct salaries and benefits 15% of DW&B 15% of DW&B
Operating supplies and services 6% of DW&B 6% of DW&B
Technical assistance to manufacturing $60,000/(operator/shift)-yr S60,000/(operator/shift)-y
Control laboratory $65,000/(operator/shift)-yr $65,000/(operator/shift)-y

Maintenance (M)
Wages and benefits (MW&B)

Fluid handling process 3.5% of Crpe 3.5% of Crpe
Solids—fluids handling process 4.5% of Crpe 4.5% of Crpe
Solids-handling process 5.0% of Crpe 5.0% of Crpe
Salaries and benefits 25% of MW&B 25% of MW&B
Materials and services 100% of MW&B 100% of MW&B
Maintenance overhead 5% of MW&B 5% of MW&B
Operating overhead
General plant overhead 7.1% of M&O-SW&B 7.1% of M&O-SW&B
Mechanical department services 2.4% of M&O-SW&B 2.4% of M&O-SW&B
Employee relations department 5.9% of M&O-SW&B 5.9% of M&O-SW&B
Business services 7.4% of M&O-SW&B 7.4% of M&O-SW&B
Property taxes and insurance 2% of Crpe 2% of Crpe
Depreciation (see also Section 17.6)
Direct plant 8% of (Crpe — 1.18 Cyyy ) 8% of (Crpe — 1.18Cy,)
Allocated plant 6% of 1.18C o 6% of 1.18C,,.
Rental fees (office and lab space) (no guideline) (no guideline)
Licensing fees (no guideline) (no guideline)
COST OF MANUFACTURE (COM) Sum of above Sum of above
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Table 17.3 Direct Operating Labor Requirements for Chemical

Processing Plants. Basis: Plant with Automatic Controls and
10-100 Ton/Day of Product

MNumber of Operators
Type of Process per Process Section®

Continuous operation
Fluids processing
Solids—fluids processing
Solids processing

[ O

Batch or semibatch operation
Fluids processing
Solids—fluids processing

[ =N S

Solids processing

4 For large continuous-flow processes {(e.g., 1,000 ton/day of product), multiply
the number of operators by 2.
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13400 e Direct. Pyrolysis Separation 58,300 Ib/hr
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2y ] WPC, LS atm R = LW GHO
44,900 Ibvhr 100,000 Ibfhr
CH,CL; Recycle
103,500 Ibfhr
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cl, ] HCl
113,400 Ibihr - Eﬁg:m Pyrolysis Separation 58,300 Ihihr
S0°C, 26 atm System .
CH, 9"C, 1.5 atm - ¥ C,H.CL
44 oW lwhr 100,000 Ibfhr
GH,Cl Recycle
105,300 Ib/hr
E-100 R-100 E-101 F-100 V-100 E-103 T-100 V-101 E-104 T-101 E-106 W-102
Condenser Direct Evaporator Pyrolysis Quench  Condenser HCl  HCIColumn HCL Column YC  VCColumn VC Column
Chlorination Furnace Tank Column Reflux Drum  Condenser Column  Condenser Reflux Drum
Reactor
W
E-100
R-100
<D
<>

<
P-104
F-100 E-108 P-101 E-102 E-105 P-102 P-104 E-107 P-103
:

Reactor Recycle Quench Quench HCI Celumn  HCI Column  Recyele VC Column VC Column
L Cooler Tank Cooler Reboiler  Reflux Pump  Pump  Reboiler  Reflux Pump
Pump
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Table 17.1 Cost Sheet Outline?

Cost Factor

Typical Factor in American Engineering Units Typical Factor in SI Units
Operations (labor-related) (O) (See Table 17.3)
Direct wages and benefits (DW&B) $40/operator-hr S40/operator-hr
Direct salaries and benefits 15% of DW&B 15% of DW&B
Operating supplies and services 6% of DW&B 6% of DW&B
Technical assistance to manufacturing $60,000/(operator/shift)-yr $60,000/(operator/shift)-y
Control laboratory $65,000/(operator/shift)-yr S65,000/(operator/shift)-y

Direct salaries and benefits = 0.15(%2.496.,000)
= 5374400

Operating supplies and services = 0.06($2,496,000)
= 5149800

Technical assistance to manufacturing = $60,000(5)

= $300.000
Control Laboratory = $65,000(5) = $325.000
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The total labor-related operations annual cost, @, is:

O = $2.496.000 + $374,400 + $149.800 + $300.000 + $325,000
= $3,645.200/yr
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(Maintenance) ,_s)\.qu 9 o Sla 4y 5
Table 17.1 Cost Sheet Outline?

Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units

Maintenance (M|
Wages and benefits (MW&B)

Fluid handling process 3.5% of Crpe 3.5% of Crpe
Solids-fluids handling process 4.5% of Crpe 4.5% of Crpe
Solids-handling process 5.0% of Crpe 5.0% of Crpe
Salaries and benefits 25% of MW&B 25% of MW&B
Materials and services 100% of MW&B 100% of MW&B
Maintenance overhead 5% of MW&B 5% of MW&B
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Table 17.1 Cost Sheet Outline?

Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
Maintenance (M)

Wages and benefits (MW&B)

Fluid handling process 3.5% of Cipe 3.5% of Crpe

Solids-fluids handling process 4.5% of Crpe 4.5% of Crpe

Solids-handling process 5.0% of Cipe 5.0% of Crpe

Salaries and benefits 25% of MW&B 25% of MW&B

Materials and services 100% of MW&B 100% of MW&B

Maintenance overhead 5% of MW&B 5% of MW&B

Wages and benefits (MW&B) at 3.5% of Cppe = $1,085,000
Salaries and benefits at 25% of MW &B = 271,000
Materials and services at100% of MW&B = 1,085,000
Maintenance overhead at 5% of MW &B = 54,000

The total annual maintenance cost, M, is $2,495.000/yr.
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Table 17.1 Cost Sheet Outline?

Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
| Operating overhead
eneral plant overhead 7.1% of M&O-SW&B 7.1% of M&O-SW&B
Mechanical department services 2.4% of M&O-SW&B 2.4% of M&O-SW&B
Employee relations department 5.9% of M&O-SW&B 5.9% of M&O-SW&B
Business services 7.4% of M&O-SW&B 7.4% of M&O-SW&B
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Direct wages and benefits (DW&B) = $2,496,000
Direct salaries and benefits = 374,400
Maintenance wages and benefits  MW&B) = 1,085,000

Maintenance salaries and benefits = 271,000
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Table 17.1 Cost Sheet Outline?
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Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
Property taxes and insurance 2% of Cipe 2% of Crpe
Depreciation (see also Section 17.6)
Direct plant 8% of (Crpe = 1.18 Cyy) 8% of (Crpe — 1.18C,.)
Allocated plant 6% of 1.18Cy;, 6% of 1.18C,,.
Rental fees (office and lab space) (no guideline) (no guideline)
Licensing fees (no guideline) (no guideline)
COST OF MANUFACTURE (COM) Sum of above Sum of above
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Table 17.1 Cost Sheet Outline?
Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
General Expenses

Selling (or transfer) expense 3% (1%) of sales 3% (1%) of sales

Direct research 4.8% of sales 4.8% of sales

Allocated research 0.5% of sales 0.5% of sales

Administrative expense 2.0% of sales 2.0% of sales

Management incentive compensation 1.25% of sales 1.25% of sales
TOTAL GENERAL EXPENSES (GE)
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ﬁ 11 Continuous plant operation 330 day/yr or 7,920 hr/yr
—7«@ ‘%J Feedstock 9.117 Ib/hr @ $0.50/1b
Tl ¢ MCB product 5,572 Ib/hr @ $0.68/1b
Y Benzene byproduct 3,133 Ib/hr @ $0.54/1b
HCI gas byproduct 355 Ib/hr @ $0.04/1b
yshie WOT ¢l (credit) Jbo jlasl g b gi o a8 5 43 il &Y g Slgs HCL 9050
3 b 0
Cost of site preparation 5123,000
Total bare-module costs, 51,230,000 and service facilities.
Cost of land @2% of Crpe Cost of contingencies @18% of Cyy,
150-psig steam 1,365.5 Ib/hr @ 57.00/1,000 1b
Electricity 9.60 kW@ 50.07/kW-hr
Cooling water 258 gpm @ 50.10/1,000 gal
Operators one/shift
Il Jlao

3 305 o8 Aslms 1§ &) g0t (Crpe) Sl J8 wlo pu S 1 Jol
Cop = $1,230,000 + $123,000 = $1,353,000
C... =0.18 Copy = 0.18(1,353,000) = $243,500
Crpe = Cppy + Cogy = $1,353,000 + $243,500 = $1,596,500
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Cost Factor Annual Cost
Feedstocks (raw materials) $36,103,300
Utilities
Steam, 150 psig 75,700
Hlectricity 5,300
Cooling water (cw) 12,300

Total Utilities $93.300
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Cost Factor Annual Cost
Operations (O)

Direct wages and benefits (DW&B) 416,000
Direct salaries and benefits 62,400
Operating supplies and services 25,000
Technical assistance to manufacturing 300,000
Control laboratory 325,000
Total [abor-related operations $1,128.400
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Cost Factor Annual Cost
Maintenance (M)
Wages and benefits (MW &B) 55,900
Salaries and benefits 14,000
Materials and Services 55,900
Materials overhead 2,800
Total maintenance $128,600

Total of M&O-SW&B $548,300
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Cost Factor Annual Cost

Operating overhead

General plant overhead 38,900
Mechanical department services 13,200
Employee relations department 32,300
Business services 40,600
Total operating overhead $125,000
Property taxes and insurance $31,900
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Cost Factor Annual Cost
Depreciation (D)
Direct plant 127,700
Allocated plant -
Total depreciation $127.700
Credit on Byproducts (13,511,700)

COST OF MANUFACTURE (COM) $24,101,500
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Cost Factor Annual Cost
General Expenses (GE)
Transfer expenses 435,200
Direct research 2,089,000
Allocated research 217,600
Administrative expense 870,400
Management incentive compensation 544,000
TOTAL GENERAL EXPENSES (GE) $4.156,200
TOTAL PRODUCTION COST (C ) $28,257,700
Sales
Monochlorobenzene product 30,008,600
TOTAL SALES, S $30,008,600
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Gross earnings or profit =S — C
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Table 17.4 Federal Income Tax Rate Schedule for Corporations

Gross
Farnings But Not
QOver Over Income Tax
$0 50,000 15%
50,000 75000  $7.500 + 25% over $50,000
75,000 100,000  $13.750 + 34% over $75,000 Federal and state income tax rate=35%+5%
100,000 335,000  $22.250 + 39% over $ 100,000
335,000 10,000,000  $113,900 + 34% over $335,000
10,000,000 15,000,000  $3,400,000 + 35% over $10,000,000 ) .
15,000,000 $1.333,333  $5.150,000438% over $15,000,000 Net earnings or profit = (1 — t} gross earnings
18,333,333 —

$6.416,667 + 35% over $18,333,333 = 0.60 (S _ c)
(equivalent to 35% on total gross )
earnings)
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Annual gross earnings or profit=S — C

= $30,008,600 — $28,257,700
= $1,750,900/yr

Annual net earnings or profit = 0.6(1,750,900)

= $1,050,500/yr
7, F /\ .I‘R\w;__.
= (% II
=
Y /
b

Any Question?




