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2. Loss prevention
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Figure 2-1
Piping and instrumentation diagram used in HAZOP example
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Table 2-5 HAZOP evaluation of the process shown

Equipment Deviations Consequences of
reference from What event this deviation on Additional
and operating  operating conld cause item of equipment implications of Process
| conditions conditions this deviation? under consideration this consequence indications Notes and questions
Storage tank Level
T-1 Less 1. Tank muns dry Pump cavitates Damage to pump LIA-1, Can reagent reactfexplode
FICA-1 if overheated in purnp?
2. Rupture discharge Reagent released Potential fire LIA-1, Estimate relense quantity.
line FICA-1
Congider second LAL
shutdown on pump.
3. V-3 open or broken Reagent released Potential fire LIA-1 Estimate release quantity.
4. V-1 open or broken Reagent released Potentizal fire LIA-1 Consider V-1 protection.
5. Tank rupture Reagent released Potential fire LIA-1 What external events can
cause rupture?
More 6. Unload too much Tank overfills Reagent released LIA-1 Is RV-1 designed (o relieve
from tank truck via RW-1 liquid at loading rate?
Consider second high-
level shutoff,
7. Reverse flow Tank overfills Reagent released LiA-1 Consider check valve in
from process via BV-1 pump discharge line,
No Same as less Consider second LAH
shutdown on feed lines.
Composition
Other than 8. Wrong reagent Possible reaction Paogsible tank ropture Consider sampling before
unloading.
As well as 9. Impurity inreagent If volatile, possible Are other materials

overpressure
Possible problem
in reactor

delivered in racks?
Are unloading connections
different?
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3. Environmental protection
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Table 2-8 Typical gaseous pollutants and their sources

Key element Pollutant Source
§ SO Boiler, flue gas
SO; Sulfuric acid production
H,S Natural gas processing, sewage (reatment,
paper and pulp industry
R-SH (mercaptans) Petroleum refining, pulp and paper
N NO, NO, Nitric acid production, high-temperature oxi-
dation processes, nitration processes
NH; Ammonia production
Other basic N compounds, Sewage, rendering, pyridine-base solvent
pyridines, amines PIrocesses
9
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Table 2-10 Equipment noise sources, levels, and potential control solutions

Sound level,

dBA, ata

Equipment distance of T m Possible noise control treatments

Air coolers 87-94 Aerodynamic fan blades; decrease in rpm and increase
in pitch; tip and hub seals; decrease in pressure drop

Compressors 90-120 Installed mufflers on intake and exhaust, enclosed ma-
chine casings, vibration isolation, and lagging of piping
systems

Electric motors 90-110 Acoustically lined fan covers, enclosures, and motor
mufes

Heaters and 95-110 Acoustic plenums, intake mufflers, ducts lined and

furnaces damped

Valves <80-108 Avoidance of sonic velocities, limited pressure drop and

mass flow, replacement with special low-noise valves,
vibration isolation, and lagging

10
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5. Plant layout
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Figure 3-1

Process 8w diagram for a natural gas liquid refinery
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Development types
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A typical quantitative PFD

Water
265.333L
M
Distillate =
Tuba 66.333 L Lambanog
35267T1L Lambanog
Flash 26533 L Ethanol {8% Ethanol)
5748 L Acetic Acid Distillation 396 L Water 3EETL
52775 Ethanal
334 14T L Water 26.533 L Ethanal FINISHED PRODUCT
305134 L Water
Sparkling
i l Coconut Wine
Aging 454888 L
80 ko/hr Bottoms 750 mL/bottle
326338 L 606 bottles/day
Fueal
5 748 L Acatic Acid ;ff; by Yoart e
N vl Tt 26,7113 Ethanal g Sugsr ‘
Steam Heat 299 624 L Water
Generator Exchanger Filrate
Secne] JILEAFL Fiitration Bottling/
Tuba Fermentation Cocanut Wine Labelling
350,876 L 26533 L Ethanal
Sparkling Wine 305134 L Water
58,646 L Ethanol B Lo T el Retentate
332 33 L Water g : 1L Impurities
56.61 L Ethanol
388 L sap
> First 305.134 L Water
O_ Screening Fermentation Yeast 5189 L €O Sparkling Wine
332 33 L water ea Bo86 1L 454.886 L
65 67 L sugar Saccharmmyces s Sugar .
FEED 9
Elipsoidium 1.807 kg Lees
400 L coconut sap 7.96 ky
0 ‘6‘:;% s5p 2 L impurities } (density=0 813 kg'L)
ALY, Lees O Storage y - Filtration — Mixing
47076 kg £ S Sparkling Wine Filtrate
: 454 695 L 452 8BB L
l Sparkling Wine
Lees Additives
1807 kg 21
50z
Ascorbic Acid
“21
RO 418 03 . F
1 P oL o D o
. . . .
Pipping & Instrumentation Diagram (P&ID) *
Thermomax vacuu
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Table 3-1 Factors in equipment scale-up and designt

2o Uol o
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Overdesign b ! <yl °

Maximum scale-up Approximate |
Is pilot Major variables for Major variables ratio based on recommended
Type of plant nsnally operational design characterizing indicated charac- safety or over- |
| equipment necessary? (other than fiw rate) size Or capacity terizing variable design factor, % |
Agitated batch Yes Solubility—temperature Flow rate =>100:1 20
crystallizers relationship Heat-transter area
Balch reactors Yes Reaclion rate Volume =>100:1 20
Equilibrium state Residence time
Centrifugal No Discharge head Flow rate =>100:1 10
pumps Power input =100:1
Impeller diameter 10:1
Continuous Yes Reaction rate Flow rate >100:1 20
reactors Equilibrium state Residence time
Coohng towers No Air humidity Flow rate =100: 1 15
Temperature decrease Volume 10:1
Cyclones No Particle size Flow rate 10:1 10
Diameter of body 3:1
Evaporators No Latent heat of vaporization Flow rate =100:1 15
Temperatures Heal-transfer area =100;1
Hammer mills Yes Size reduction Flow rate 60:1 20 23
Power input 60:1

Overdesign b ! <l o
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HEAT EXCHANGER
IdentiBation: Item: Condenser Date 1-1-02
Item No. H-3
No. required / By PTW

Function: Condense overhead vapors from methanol fractionation column

Operation: Continuons

Type: Horizontal
Fixed ube sheer
Expansion ring in shell

Duty 7000 kW OQutside arca 44 ot

Tubc side: Tubes: 0254 m diam. 14 BWG
Fluid handled Cooling weter 0.03175 m Centers A Pattern
Flow rate 6.625 m%/s 225 Tubes each Length 2.44 m
Pressure 240 kPa 2 Passes
Temperature 15 to 25°C Tube material Carbon steel
Head material Carbon steel

Shell side: Shell: 0.56 m diam. 7 Passes
Fluid handled Methanol vapor {Transverse baffles Tube support Req’d)
Flow rate 0.9 kg/s
Pressure 107 &Pa (Longitudinal baffles & Req’d)
Temperature 65°C to (constant temp.) Shell material Carbon steel

Utilities: Untreated cooling water

Controls: Cooling-water rate controlled by vapor temperature in vent line
Insulation: 0.051 m rock cork or equivalenr; weatherproofed

Tolerances: Tubular Exchangers Manufacturers Association {TEMA) standurds
Comments and drawings: Location and sizes of inlets and outlets are shown on drawing 25
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Figure 3-8

Cracking section for the conventional ethylene process
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Table 3-6 Design details of the thermal furnace

Number of furnaces 7 [urnaces, one spare

Number of coils per furnace 10

Heat load per furnace 53,500 kw

Residence time 04s

Tubke ID 0102 m

Tube OD 0.119 m

Coil length 737 m

Mass velocity 14313 kgf{mz-s)

Heat flux 85.8 kW/m*

Material of construction HP Mod (23% Cr, 35% Ni, 0.4% C, 1.23% Nb)

31

157 Llo2iio |91k JUo

©sladl 5491
(VB G \Y Lad) O g 6108 lo o diy 32 @

Table 3-8 Summary of purchased equipment cost for the ethylene

process!

"Equipment type Purchased cost
Heat exchangers and condensers § 5,015,000
Pressure vessels 3,069,000
Columns and trays 17,235,000
Compressors 34,835,000
Furnaces 19,944,000
Reactors 351,000
Dryers 364,000
Pumps 1,457,000
Separators 96,000
Storage vessels 940,000

Total $83,506,000

January 1, 2000, purchased-cost data. 2
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Table 3-9 Fixed-capital investment estimatet

| Investment items Cost |

Purchased equipment, F § 83,506,000
Purchased-equipment installation, 0.47E 39,248,000
Instrumentation and control, (.36F 30,062,000
Piping (installed), 0.68E 56,784,000
Eleetrical (installed), 0.11E 9,186,300
Buildings (including services), 0.18E 15,031,000
Yard improvements, 0.1F 8,351,000
Service facilities (installed), 1.05E* §7,681,000

Total direct plant cost I 329,849,000
Engineering and supervision, (L33£ 27,557,000
Construction expenses, 0.41E 34,237,000
Legal expenses, 0.04F 3,340,000

Total direct and indirect cost, D+ 393,983,000
Contractor’s fee, 0.05(D+-1) 19,699,000
Contingency, 0.1 (D+0) 36,398,000

Fixed-capital investment (FCI) $£453,080,000

TEquipment/cost ratio percentages are factors applicable to g fluid-processing plant similar

to that ovtlined in Table 6-9. No land purchase was assumed.

*The estimated cost for service facilities was ingreased by 50 percent to meet the need for

additional environmeantal and refrigeration requirements in the process. 33
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Table 3-10 Material, utility, and by-product costs for the base-case ethylene process

Quantity consumed |

per kilogram of

Cost contribution, ¢/kg,

Variahle costs ethylene produced Market price of ethylene produced
Raw materials
Propane (feedstock) 23486 kg 26.66 ¢/kg 62.633
Caustic {100% basis) 0.0 7 kg 11,24 ¢/kg 0.019
Catalyst and chemicals — — 0.740
Total 63.392
Utilities
Cooling water 0.3796 m? 2.25 ¢/m? 0.854
Process water 1.67x10~* m* 31.17 ¢/m® 0.005
Fuel gas 25416 kI $2.79/100 kJ 7.091
Electricity 0.1337 kWh 4.3 ¢/kWh 0.552
Total 8.502
By-products (produced) Quantity produced
per kilogram of
ethylene produced
Hydrogen-rich gas 0.2127 kg T3.7 glkg —15.675
Methane-rich fuel gas 27,200 k] $2.79/10° k1 —7.589
Propylene (polymer grade) 0.373 kg 57.3 ¢/kg —21.374
4 fraction (L0979 kg 42.5 gikg —4.237
Pviolysis zasoline 0.1569 kg 31.0 ¢fke —4.864
Fuel cil 0.0222 kg 13.7 ¢ikg —0.304
Total —54.043 34

Tanuary 1, 2000, cost data
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Table 3-11 Total product cost estimate

:Cust items Cost, ¢/kg, of ethylenc
Direct production costs
Raw materials (see Table 3-10) 63.39
Operating labor (9 workers/shift) 0.49
Operating supervision (15% operating labor) 0.07
Maintenance (labor and materials, 4% FCI) 3.62
Utilities (see Table 3-10) 8.50
Operating supplies (15% maintenance) 0.54
Laboratary charges (20% operating labor) 0.1¢
Indirect production costs
Depreciation (10% FCI) 9.07
[nsurance and taxes (2% FCID 1.81
Piant overhead costs (809 total labor costs) 1.90
General expenses
Administrative costs (25% overhead) 0.48
Distribution and selling costs (6% NPC) 2.87
Research and development costs (4% NPC) 1.91
Financing (interest, 7% TCDO! 7.05
Credit for sale of by-products (see Table 3-10) —54.04
Annual net product cost (NPC), g/kg 47.76

'TCT = $503,400,000 = $453,040,000 + 10% (TCT} for working capital. 35
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Table 12-3 Recommended economic velocities for sizing steel pipes

Turbulent 8w
Type of Bid Recommended velocity range, m/s
Water or fluid similar to water 1-3
Low-pressure steam (250 kPa) 15-30
High-pressure steam (750 kPa) 30-60
Air (250-500 kPa) 15-30
Viscous w
Recommended velocity range, m/s
Nominal '
_pipe diameter, m (in.) =50 cP =100 cP it = 1000 cP |
0.0254 (1) 0.5-1 0.3-0.6 0.1-0.2
0.0508 (2) 0.75-1.07 0.5-0.75 0.15-0.24
0.102 (4) 1.07-1.5 0.75-1.07 0.24-0.36
0.203 (8) — 1.2-1.5 0.4-0.55

TThese values apply for motor drives. Multiply indicated velocities by 0.6 to give recommended velocities when

steam turbine drives are used.
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For turbulent flow (Re > 2100) and D; > 0.0254 m,

Dj opt = 0.3631m0% p%1

For viscous flow (Re < 2100) and D; < 0.0254 m,

Di opi = 0.133 f§18'40,u,?;20

where D; o is the optimum pipe diameter in m, s, the volumetric flow rate in m%s,
o the fluid density in kg/m” and p, the fluid viscosity in Pa-s.
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Nominal diameter, in.
l 10
104 ¢ S — e :
‘ 4 10*
= Stainless-steel welded pipe ™|~ ||~ ~ -
5 103 Types 204 and 304L. . "
a8 3 For types 316 and 347, multiply by 1.25. —— — i
£ ———— Fortype 316L, multiply by 1. T 3 £
o Seh, 80111 e i —] — .2 5
a3 = : e — I F e - = B J10° Z
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31 \ T > I [ " =
2 — == = 1 %
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2 | | AT~ Sch. 40 3 ¢
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‘ J Welded Jan, 2002 7
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Nominal diameter, m
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|
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| I

E =
5 3
& =
23 ———1 ' = e S .
[7¢3 T w
= Cast-iron mechanical-joint pipe i } =
e 860-kPs and 1035-kPa rating ] =10 8
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% 1of == — | = 3
= =3
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' 21
| E
. Jan, 2002
1 i - Plb
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Nominal diameter, m
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- 10?
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Nominal diameter, in,
1 10

104 T T T T L | T T T 7 T 7 T - -
L. Flow regulators, self-contained with

T
= L L --}._-: - __/7{/ 1035-kPa flanged connections and

i stainless-steel body and trim.

’ 2. Pressure regulators for steam.

>——Pilot-operated, cast-icon body,
stainless-steel trim, or spring-loaded relief

7 valve with cast-iron body, bronze trim.

3. Pressure regulators, gas and liquid.
Spring-loaded, stzel body, and
siainless-steel trim,

4, Temperature regulators. Vapor pressure
type, bronze body, stainless trim, 2.5-m

= copper capillary, integral thermometer on
~head, or double-seated temperature
regulator with cast steel body and
stainless-steel trim.

5. Split-body control valves with
carbon-steel separable flanges and steel
body and trim. Multiply by 1.66 for
stainless-steel body and trim,

6. Angle-type control valves. Steel,
cylinder-guided venturi outlet and flanged
connections. Jan. 2002
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Purchased cost, $
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Nominal diameter, m
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Purchased cost, dollars per linear m
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Nominal pipe diameter, in.
1 10

T Lo L T m TT T LIS | B S |
Foamglass insulation —
0076 m (3 in.) thick
L. 0,051 m (2 in.) thick 1
L 0.03% m (1.5 in.) thick
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I | ‘
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i
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S — T T
I | RS - e | || =1
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I | |
~ Pipe painting | | | | [ |
Price is for primer + 1 coat - | | ‘ |
and Jabor, but no overhead P~ | 7
| ] ‘__l—-T——
1 i | I L] | } I
1072 107! 1
Nominal pipe diameter, m

Purchased cost, dollars per linear ft
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Capacity factor, (gal/imin) X psi

5 104 109 108
10 T T T T T ! T T T T T T ! T T T T T T ! T
_— . — A
//
API-610
Cast stecl casing,
up to 10335 kPa (15{) psi) //
» 11 Borizontal ==— 7
“é. Tn-line, vertical motor ~__|
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g 104 —— = AVS—chemical horizontal
E - d ductile iron casing ]
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: e HHH
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Lt : i
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Condenser Direct Evaporator Pyrolysis Quench  Condenser HCl HCIColumn HCl Column VC  VC Column VC Column
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Chlorine 2
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P-100 Pump Cooler Tank Cooler Reboiler  Reflux Pump Pump  Reboiler Reflux Pump

65

UUlUo

— 5 A 0..{\))7 )\5:3 )\.«..9 9 s\.’b)}i»dj cdwsld (V/0 atm Qe °C) ol 031> )L.«.g 9 (PR L)
ASL o V/YYY atm 5 VY P (VA E g/cmd L /8% Ib/gal) YA/ Ib/EE 4

i)l Sluwls S

1 ool ol Sl 4y ) 8K 9 wizead
v=0.37 /1.14 =0.32 centistokes

! el QL § ey 5l ey it e 453 5K 9 1) b b 1

Suction pressure — Vapor pressure

NPSH, =
A Liquid density

A cslin Wl g5 o NPSHR>5 b § sadhy il ny S Qb1 g

66




S=Q(H)*” =461(726)"

Ulio

fe2 13y LS VSN Wl )

g OlF (o @2 15T Al S8

oy )Gl M’fﬁbw&ﬁ‘e@Mﬁg> 85 B 4 b VST Jadr )
D9 dal wbgb’;ﬁ\f?"tpm“ﬂ\géHSCj}:ﬁgﬂu

Table 16.20 Typical Types of Radial Centrifugal Pumps and F. Factors

No. of Case-Split Flow Rate Pump Head Maximum Type Factor [F, in
Stages Shaft rpm Orientation Range (gpm) Range(ft) Motor Hp Eq. (16.15)]

1 3,600 V8C 50-900 50400 5 1.00

1 1,800 V8C 50-3,500 50-200 200 1.50

1 3,600 HSC 100-1,500 100450 150 1.70

1 1,800 HSC 250-5,000 50-500 250 2.00

2 3,600 HSC 50-1,100 300-1,100 250 2.70

2+ 3,600 HSC 100-1,500 650-3,200 1,450 8.90
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Table 16.21 Materials of Construction Factors, Fy,, for Centrifugal

Pumps

Material of Construction

Material Factor [F,,, in Eq. (16.15)]

Cast iron
Ductile iron
Cast steel
Bronze
Stainless steel
Hastelloy C
Monel

Nickel
Titanium

1.00
k15
1.35
1.90
2.00
295
3.30
3.50
9.70

1,8 ol

te 13 V500 dslas S 4

0995 305 41 4 52
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Heat Transfer Equipment Design and Costs
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Shell Side

Shell Side

Tube Side
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The schematic of
a shell-and-tube
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(a) One-shell pass and two-tube passes

(D) Two-shell passes and four-tube passes 74
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Representative values of the overall heat transfer coefficients in
heat exchangers

Type of heat exchanger U, W/m2 - °C*
Water-to-water 850-1700
Water-to-oil 100-350
Water-to-gasoline or kerosene 300-1000
Feedwater heaters 1000-8500
Steam-to-light fuel oil 200-400
Steam-to-heavy fuel oil 50-200
Steam condenser 1000-6000
Freon condenser (water cooled) 300-1000
Ammonia condenser (water cooled) 800-1400
Alcohol condensers (water cooled) 250-700
Gas-to-gas 10-40
Water-to-air in finned tubes (water in tubes) 30-607
400-850"
Steam-to-air in finned tubes (steam in tubes) 30-300!
400-40007

YE0)S 09 LLpa

Representative fouling
factors (thermal resistance due
to fouling for a unit surface area)

- Esid i (Source: Tubular Exchange Manufacturers

Association.)
_. Outer layer of fouling Fluid R;, m? . °C/W

L =1—Tube wall

o Distilled water, sea
- - touli water, river water,
Hot — Inner layer of fouling

boiler feedwater:

Fouling factor

fluid Cold fluid Below 50°C 0.0001
| Above 50°C 0.0002
Fuel oil 0.0009
. p— i Steam (oil-free) 0.0001
] O _— e Refrigerants (liquid) 0.0002
_f iR | Refrigerants (vapor) 0.0004
Alcohol vapors 0.0001
Air 0.0004
1 1 1 1 Rion (DH/D,-)“FR_;;H 1

T TR T Nl F A e = S
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Table 14-6 Criteria for the preliminary selection of the appropriate heat exchanger typet

Max. pressure, Normal area,

Exchanger approx. range, Temperature, approx. range, Fluid velocities, Fluid Key
type MPa approx. range, °C  m? (shell/tube), m/s limitations features
Double-pipe 30 (shell) —100 - ~600 0.25-20 Lig. (2-3)/(2-3) Materials of Modular construction,
Multiple-pipe 140 (tube) 10 - 200 Gas (10-20)/(10-20) construction small scale
Shell-and-tube 30 =200 - 600+ 3 - 1000 Lig. (1-2)/(2-3) Materials of Very adaptable, many
Gas (5-10)/(10=20)  construction types
Scraped-wall ~0.11 Up to 200 2-20 Lig. (1-2)/{1-2) Ligquids solidifying  For viscous, crystalliza-
on hot surface ton systems
Gasketed plate 0.1-2.5 —-25-175 1-2500 Lig. (1-2)/(1-2) Limited to gasket Modular  construction,
Gas (5-10)/(5-10) material, avoid minimal $/area cost
gas flow
Welded plate 3 =400 1-2500 Lig. (1-2)/(1-2) Materials of Ap  between fluids
Gas (5-13)/(5-10) construction, <3 MPa
avoid fouling
fluids
Spiral plate 2 Up to 300 10-200 Lig. (1-2)/(1-2) Materials of For viscous, corrosive
Gas (5-10)/(5-10) construction fluids
Spiral tube 50 350 1-30 Lig. (2-3)/(2-3) Materials of Adaptable, low mainte-
Gas (5-10)/(5-10) construction nance
Compact 3-10 —270 = 80 with Al 10-30,000  Gas (2-5)/(2-5) Materials of Large area/volume, can
—270 - 800 with ss construction, no operate with small AT
corrosive fluids
Gas-to-gas ~0.11 Up to 250 6-100 forlow  Gas (5-10)/(5-10) Materials of Many types, some for
lemperatures construction corrosive gases
1200-3000 for
regenerators
Air-cooled Variable on Variable on 6-20,000 Lig. (NA}/(2-3) Materials of Use for heat rejection,
tube side tube side Gas (3-6)/10-20) constructzon standardized design

*Modified from data presented by G. F. Hewitt, G, L. Shires, and T. R. Bott, Process Hear Transfer, CRC Press, Boca Raton, FL, 1994, Sec. 4.3, and G. D Ulrich, A Guide
to Chemical Engineering Design and Economics, 1. Wiley, New York, 1984,
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1,000,000 T S — ————

-] Shell-and-Tube Heat Exchangers

L Carbon Steel

|| Pressures to 100 psig

20-Ft-long Tubes
CE Plant Cost Index = 567 (2013 average) ///
LT Lo
100,000 - =
& o®? = ]
= =l e
S s il P ZF*
= LT | aes™ f/’ b
@ . .
& LLe e =
§ ....... L f-ca S I N B N 0 B B N ELTTTE Floating Head
I B __.—_:.-’-"- ==== Fixed Head
10,000 ECE wlaila i - = = U-Tube 1
Kettle Vaporizer E
1,000
100 1,000 10,000 100,000

Size Factor, A (ft%) o1

Ayt g F)) > sl Juw
Cp=FpFyF Cy

- Floating head

Cp = exp{12.0310 — 0.8709[In(A)] + 0.09005 [In(4)]*}
-Fixed head

Cp = exp{11.4185 — 0.9228[In(A)] + 0.09861 [In(A)]*}
- U-tube

Cg = exp{11.5510 — 0.9186[In(A)] + 0.09790 [In(A)]*}

- Kettle vaporizer )
C,=exp{10.292 - 0.5905[In(A)] + 0.08414 [In(A)]"}
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Cp = FpFyF;Cp
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100
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P
F,=0. 01 (—) 001 (
p = 09803 +0.018 (< ) +0.0017

Table 16.25 Materials of Construction Factors, F,,, for

-t g F)) > s Juw

Shell-and-Tube Heat Exchangers

Materials of Construction ain bin
Shell/Tube Eq. (16.44) Eq. (16.44)
Carbon steel/carbon steel 0.00 0.00
Carbon steel/brass 1.08 0.05
Carbon steel/stainless steel 1:75 0.13
Carbon steel/Monel 211 0.13
Carbon steel/titanium 52 0.16
Carbon steel/Cr-Mo steel 1.55 0.05
Cr-Mo steel/Cr-Mo steel 1.70 0.07
Stainless steel/stainless steel 2.70 0.07
Monel/Monel 33 0.08
Titanium/titanium 9.6 0.06

PSIG LD
Tube Length (ft) F,
8 1.25
12 1.12
16 1.05
20 1.00
b
Fy=a+ ()
M
100
93

569 psia

.
Compressor

Purge

2 Fuel
CH, 4398 Iblir  CH, 7

H,

H, ?

{‘!\H(\
20,989 Ib/hr

484 psia

120°F

cH,
25262 Ib/hr
75°F, 569 psia

N 504 p
Heat

Furnace
Exchanger =

AF =70 psia

AP =0 psia
CH,

CLEHIU
423 Ib/hr

8,421 Ib/hr
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Cp = FpFyF Cy

Table 16.25 Materials of Construction Factors, F,,, for

Shell-and-Tube Heat Exchangers

Ulio

3.9 Wl g 0 IS 4 30 K03 el b dalons

- - - - Tube Length (ft) F,
Materials of Construction ain bin
Shell/Tube Eq. (16.44) Eq. (16.44) 8 1.25
Carbon steel/carbon steel 0.00 0.00 12 112
Carbon steel/brass 1.08 0.05 16 1.05
Carbon steel/stainless steel 175 0.13 20 1.00
Carbon steel/Monel 211 0.13
Carbon steel/titanium 52 0.16 b
Carbon steel/Cr-Mo steel 1:55 0.05 F M= a—+ | — )
Cr-Mo steel/Cr-Mo steel 1.70 0.07 100
Stainless steel/stainless steel 2.70 0.07
Monel/Monel 33 0.08
Titanium/titanium 9.6 0.06
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Table 12-10 Design equations and data for pressure vessels based on the ASME Boiler and Pressure

Vessel Codel

Recommended design equations for vessels

under internal pressure

Limiting conditions

For evlindrical shells
e Fr
TOSE, — 068

i (v" : F)“: +C
=l |
SE;— P

i

For spherical shells

Pry
. +

=
5E, —02r '

25, +2p%'°

8E, — F

L}
7
or £ < 038558,

=

rl
P =
{ 2
or P = 038555,

{ ¢ == 0L356r,
or P = 0.6855E ;

= 0.356r
or P o= 0LG655E

For ellipsoidal head

PD,

f=—2 4,
2SE, —02p ©

For torispherical (spherically dished) head

0.885PL,

= — .
SE; —0.1P + ¢

For hemispherical head

Same as for spherical shells with r; = L,

Nontenclature for Table 12-10

167981) Llugai Cioii

0.5 (minor axis) 0 = 0.25D,

7 = knuckle radius = 6% of inside crown
radius and is not less than 37

a =2 for thicknesses <0.0254 m and 3 for thicknesses >0.0254 m

C. = allowance for corrosion, m

D, = major axis of an ellipsoidal head, before corrosion allowance is added, m

E; = efficiency of joints expressed as a fraction

IDD = inside depth of dish, m

L, = inside radius of hemispherical head or inside crown radius of torispherical head, before corrosion allowance is added, m
n =12forD<155m, 1.2l for D =155-20m,1.22forD=2.0-27m,and 1.23for D > 2.7m
OD = outside diameter, m

P = maximum allowable internal pressure, kPa (gauge)

r = knuckle radius, m

r; = ingide radius of shell, before corrosion allowance is added, m

§ = maximum allowable working stress, kPa

t = minimum wall thickness, m

o = density of metal. kg/m*

TSee the latest ASME Boiler and Pressure Vessel Code for further details. 108




Table 12-10 Continued
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Joint efBencies

For double-welded butl joints
If fully radiographed = 1.0
If spot-examined = 0.85
If not radiographed = 0.70

In general, for spot examined
If electric resistance weld = 0,85
If lap-welded = 0.80
It single-buit-welded = 0.60

Recommended stress values

Metal Temp., "C
Carbon steel —29 to 343
{SA-285, Gr. C) 399
454
Low-alloy steel —29 10 427
for resistance to 510
H, and H,S 565
{SA-387, Gr.12C1.1) 649
High-tensile stecl —29 to 399
for heavy-wall 454
vessels 510
(SA-302, Gr.B) 538
High-alloy steel
for cladding and =329
corrosion resistance 343
Stainless 304 427
{SA-240) 538
Stainless 316 -29
(SA-240) 345
427
538
Monferrous metals
Copper 38
(SB-11) 204
Aluminum 38
(SB-209, 1100-0) 204

S. kPa

94,500

82,700
57,200

94,500
75,800
34,500

6,900

137,900
115,800
69,000
42,750

128,900
77,200
72,400
66,900

128,900
79,300
75,800
73,100

46,200
20,700
15,900

6,900
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Table 12-11 Factors to obtain diameters of blank disks required for
three types of formed heads

'Type of head Ratio D/t Blank diameter factor
ASME head >50 1.09

30-50 1.11

20-30 1.15
Ellipsoidal head >20 1.24

10-20 1.30
Hemispherical head =30 1.60

18-30 1.65

10-18 1.70

D is the head diameter and ¢ the nominal minimum head thickness.
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Table 12-12 Cost factors to account for internal pressure levels
of vessels’

Pressure Cost Pressure Cost
level, kPa factor level, kPa factor
Up to 425 1.0 (basis) 5,500 3.8
775 1.3 6,150 4.0
1450 1.6 6,850 4.2
2100 2.0 10,200 5.4
2800 2 4 13,600 6.5
3450 2.8 20,300 8.8
4150 3.0 27,000 11.3
4800 3.3 33,800 13.8

'If the data are available, it is much better to use the design equations presented in
Table 12-10 to obtain the necessary wall thickness based on the stress value at the operating
temperature, in place of using the given pressure factors since there is a critical inter-
relationship among maierial of construction, operating pressure, and operating temperature
in establishing the design and cost of pressure vessels.
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Horizontal vessels for 1,000 < W < 920,000 Ib:

Cy = exp{5.6336 + 0.4599[In(W)] + 0.00582 [In(W)]*}
Vertical vessels for 4,200 < W < 1,000,000 1b:

Cy = exp{7.1390 + 0.18255[In(W)] + 0.02297 [ln(W)]z}
Towers for 9,000 < W < 2,500,000 1b:

Cy = exp{10.5449 — 0.4672[In(W)] + 0.05482 [In(W)]*} e
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= Pressure Vessels and Towers
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Size Factor = Weight, W (Ib)

Figure 16.13 Base f.o.b. purchase costs for

pressure vessels and towers.
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Table 16.26 Materials-of-Construction Factors, Fy,, for Pressure

Vessels

Material of Construction Material Factor [F,, in Eq. (16.52)]
Carbon steel 1.0
Low-alloy steel 1.2
Stainless steel 304 1.7
Stainless steel 316 2.1
Carpenter 20CB-3 32
Nickel-200 54
Monel-400 3.6
Inconel-600 39
Incoloy-825 3.7
Titanium 7
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Horizontal vessels for 3 < D; < 12 ft: 250 41
CPL = 2275 (Di)0.2094
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Temperature (°F) Maximum Allowable Stress (psi)
-20 to 650 15,000
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750 15,000
800 14,750
850 14,200
900 13,100
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Material of Construction
Carbon steel

303 Stainless steel

316 Stainless steel
Carpenter 20CB-3

Monel
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Table 16.27 Installed Costs of Some Dumped Packings

Installed Cost ($/t)

Size 1 in. 1.5 in. 2in. 3in. 4 1n.

Berl saddles

Ceramic 50 40 32
Raschig rings
Carbon steel 50 50 30 30
Stainless steel 150 116 80 80
Ceramic 20 20 20 20
Intalox saddles
Ceramic 40 40 30 22
Polypropylene 42 26 14
Pall rings
Carbon steel 56 42 36
Stainless steel 160 130 100
Polypropylene 50 30 20 18
Cascade minirings
Stainless steel 130 100 80 60 50
Ceramic 90 80 50
Polypropylene 90 80 50
Tellerettes

Polyethylene 100 138




packed (glm 24 aisim

Uid <l (Structured Packings) 4l jlirls ¢SS b w9 oud y KL b awglis y3 O
A o S dolee gl 4 HETS falS 15 1) Wyls 6 53 lal= e 033k caiS’ 0 3bw | 6 S
4 4y 3a ki T ROT Wl ool b il n @2l 8 g B alS Gy b 3l 1) ke b b 5 (085
Y 5 o Al od o3 33 5,8 Y i b Vs g din 5018 KK 0 ol
u.;bs\ by cud b 158 oylid Bl 2ol & 5l o g e slag p 53 &S Wish o cuad Sl G
85 18 b &) bl ylirle CL LS s a2 4 by e ©laosls (ol ol b Y pass o gl
A S g g0

Mogse cadys gy 5 abylile Cb S nad ause (B 35T n K 355 ype y3 U

G sd a @)l 4 Y5 YAD 594> (stainless steel) Kjus 3¥ @ wir b (corrugated-sheet)
. . 2.

g oo &b S B s CaSe

RpY d\)\fbcb gsLao-\...Sc)}a)bj(dlstrlbutors) \.M-\.SC)}: MMJAA.’L}:JA ol U
gsbd 9 Wsh cuwad Sye 39,9 dad Ay WL Lao-\.u.(c)y il o 3 9 g0 05).“5 s @
g a5 e fi 2 55 b oS ) 55 () aladlos

u;ﬂﬁgs\)\sbj}!b\\'“ bg-\rebo-\.&c)y&Mmjbcgq)mbjj\j&b}uu)y)bD
D3 a8 a5 )3 7y ek daw ) @ 0

JUo

@lyls ea,ls 51,8 Sy Jome @YU 53 & O VU Lish ol iow 93 Jold bl O g S
,\:Cysué”t}sj\wb)wu&&boTj\\afto\f.usbgav ft gLyl o V¥ ft 1> jhad
ft S cwl Vo fi t‘.ﬂ.’)‘j V5 ft b clyl> O g gl Sio .l el » (corrugated-sheet)
SN 59 31 O gt A iz Sl 0kl T in )hssvcascademmmngs &y&.&: Lol 3l s
Jos M byl 3 O g -\J\OMMM&)MJY}Q)\&&ty;bﬁ\.o\eo-\.wubw‘w;
S+ kPa jlid O ol 43 950 °C wled 9 08 kPa jLid O giw VU y5 &Sy sbay 03 S dal 5
o;mw\gs\jebodc)y)bbo.\....fc)y)\.grb\u\wct}om): w\)‘;f\faocsu>3
Jols 0 g (Fob.) a8 Oys ws ase & Cwl 3T s i walyr ad S 6 4
))j\fFH L »1» CE Mﬁyb)b¢hodc)y)bj\hauc)y Ol s ‘su&.&;

w\\nkPab,\,:uwa’up&ﬂbb,u bé;

1>




yJlo

JUo




yJlo

JUo




yJlo

145

167135 milopw aisjo [jr037 9 ()123lns
COST ACCOUNTING AND CAPITAL COST ESTIMATION




16/1bs Cuoml

D8l & ¢l 658 o OB WS W 6l sladl Gl )1 5 e S ol (glulid & o
358 o w33l 0213 6T 6l 1) ST 6,8 penai 5 sl

Sty adie ok T 45 39, o0 5lasl &S oLl d &'gw@u&gu b glyls °
ol syl @aladl U

o 1y @3kl dmly K Gl gyl & s S ) b olkd) J Fsi tla a0
iy 8

.-\Jaﬁ}fgcq\.c}w\)gsbh.aﬁ\ Ay S sb&\)\bﬂgw‘}ﬂhk&bsbb\ky:qbﬂ .
L (s ) Oy s Gyl ddlee 0
dq‘\.a).w+ @u\.’z &.\)\b

671l cuaml

e abls sl e
S g uB —
8L 55 sl g b Gl —
N g 5lg0 @357 90 —
ed w9 ld C&Id y iy —
b sl glyls —
b ¢ o —

b puplgl e
@»\sﬁ:w}ugw—

GBL > Hgus —




1671ubus
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JOURNAL Page 43
2008 Debit ($) Credit ($)
June 3 Heat Exchanger 15 80,450
Cash 11 80,450
Purchase of a heat exchanger for ammonia plant
4 Cash 11 125,000
Ammonia Product 12 125,000
Sales of product from ammonia plant to ABC
6 Land 20 265,000
Cash 11 265,000
Purchase of land in Iowa from XYZ

i671ubus

2 &3k 5 )80 iz w2 g kel Gl Cld ljg) sl A5 Cul () Journal Coje ©
Do) 83 cpl g3 i 1y (Lol Slwd 5 019 (0 iz w Canl 0l S 2 YIS 3 5 I S

2,8

(Ledger) 11 S s 31 Solads S xds °

BANK ACCOUNT, LEDGER 11 Page 5
2008 Debit ($) 2008 Credit ($)
June 2 Balance forward 42 500,000 June
4 Sales 43 125,000 Purchase 43 80,450
Purchase 43 265,000
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(Balance sheet) a3l 5 —
(Income statement) sl &yse —
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Table 16.3 Consolidated Balance Sheet for U. S. Shale Gas in Millions of Dollars as of 31 December 2013

ASSETS

Current Assets

Cash and Cash Equivalents 107
Marketable Securities 45
Accounts Receivable 2,692

Inventories:

Cinicrhad Thadunate nnd Wael in TeAanrane 1 49N

i671ubus

(Bl V o 6l ) 35 b Q05 asinn 095 S Jgb j3 el js Oy
N . P . .. .
Table 16.4 Consolidated Income Statement for U. S. Shale Gas in U“g; J‘b )" b U’“ﬁ)ﬁ "’“’33 c}{' U‘QJL’ «J’"ﬁ)ﬁ -
Millions of Dollars for the Calendar Year 2013 g"}’)‘ 6““‘9\{} " . {

Nebziles 11,504 Ol S sla 4y jar old a0 N ayje —
Cost of goods sold 9,131 e 9 @}}3’ (A S Ay
GROSS PROFIT 2373 VU oy 98 o AL s g —
OPERATING EXPENSES e 3 Ao cdrw gl 9 Gl Jlbes b Ay a —

il plg 0 g Olanl 0 au 2 —

Research and development expenses 446 _
(Income tax) Jol s p oWL —

Selling, general, and administrative 439 . . . -
expenses o Whes au s slge Lallms put Oldes Wl s —
Insurance and finance company 34 ‘SYK 4o R ‘5\'@‘;'“ ddL’ &3)9: u“d\’b M‘)> -
operations PO . . .. . S e a

0 g au m sl Slhes 4 pa sl ol wis g
Amortization and adjustments of 64 uL:jL,; ,_5\,«,:,9 U‘QJ"L’ .LQT);: V,QJL, MT}) —_
goodwill

TOTAL OPERATING EXPENSES 983
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Table 16.5 Consolidated Cash Flow Statement for Toledo Chemicals

in Millions of Dollars for Calendar Year 2013 "‘53&'@;“‘ J‘u @L‘:‘L“'c 6\3’ C«.Jw -
OPERATING ACTIVITIES e g S5 5 BB G e sy S
Net income available for common 3,151 wﬁ) 2 Q‘J‘e’v uﬂ’jﬁ -
stockholders ™ d}& )<?.5 ‘\?.\"J”’ ~\’)’ _
;td;l,z:l:;:llfs to reconcile net income C«fﬂ f‘-é—“ "\’J-’ _
Depreciation 675 db‘ML@M 4 U;’b)?‘ b}w -
Depletion 383 -

Amortization 486

Provision for deferred income tax 125

MNet gain (loss) on sales of property (103

Changes in assets and liabilities
involving cash:

Accounts and notes receivable (4413

Innrontorio Q0N
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(TCI) 6,138 alo pus slo 438 IS )
Total Capital Investment

Ay sl aye S -Y

Total Production Cost

23 g Olewlow Y

Profitability

Table 16.2 Components of Total Capital Investment (TCI)

6/15S aslopw gl aisjm

Total bare-module costs for fabricated equipment Ce
Total bare-module costs for process machinery Cpm
Total bare-module costs for spares Cspm
Total bare-module costs for storage and surge tanks Cslnlagc
Total cost for initial catalyst charges Cm!h,sl
Total bare-module costs for computers and software, Coomp

including distributed control systems,
instruments, and alarms

Total bare-module investment, TBM

Cost of site preparation

Cost of service facilities

Allocated costs for utility plants and related facilities
Total of direct permanent investment, DPI
Cost of contingencies and contractor’s fee
Total depreciable capital, TDC

Cost of land

Cost of royalties

Cost of plant startup

Total permanent investment, TPI
Working capital

Total capital investment, TCI

C‘mm
Csi te
Cs:n'
CSI"DC
CDP(
Cnonl
C'J'DC
Cland
Cooyal
Cslarmp
C'TPI
C

TC1
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Utilities

Natural Fuel Inert . 3
Steam Gas 0il Gas Refrigeration Water

i o

I —""| Treatment
O— oo ~
O | O " © [ Solids
I rocess Disposal
|
O :. : i (] <:> o |
Storage l— T T
and Handling ‘\‘H— Battery Limits
Maintenance
Canteen Shops
. .
- — Engineering
Shipping Laboratory
Sales Office R&D
Library
%

157

L ‘-
[I93 Il
Cost b auje jasls 5l pys b @l bl oli slml jols Sboy &G @iy b dsed Oz °

) F“'{ < o3kl Index

Cost Index: g1l *

Cost = Base cost (

base
— The Chemical Engineering (CE) Plant Cost Index

— The Marshall & Swift (MS) Equipment Cost Index
— The Nelson-Farrar (NF) Refinery Construction Cost Index
— The Engineering News-Record (ENR) Construction Cost Index

— U.S. Federal Government Consumer Price
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Cost = Base cost
base 159
YPTii
Cost = Base cost ’ﬂ ) =
base
Table 16.6 Comparison of Annual Average Cost Indexes
CE MS NF ENR CPI
U.S. Federal
Chemical Engineering Marshall-Swift Nelson-Farrar Engineering News- Government
Plant Cost Index Process Industry Index  Refinery Construction Index  Record Construction Index  Consumer Price Index
Years  Year 1957-1959 = 100 Year 1926 = 100 Year 1946 = 100 Year 1967 = 100 Year 1914 =10
2000 394 1,110 1,543 579 172.2
2001 394 1,109 1,580 590 177.1
2002 396 1,121 1,642 609 179.9
2003 402 1,143 1,710 623 184.0
2004 444 1,202 1,834 662 188.9
2005 468 1,295 1,919 693 195.3
2006 500 1,365 2,008 722 201.6
2007 525 1,399 2,107 742 207.3
2008 575 1,478 2,251 774 2153
2009 522 1,446 2,218 798 214.5
2010 551 1,477 2,338 819 218.1
2011 586 1,537¢ 2,436 844 224.9
2012 585 2,465 867 229.6
2013 567 2,490 889 233.0

@ Data from Chemical Engineering until April 2012.
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15 55 03537 (&,108 Ayl Sl 4 A Jgd 33 b &S @3yl ®
¢ Total bare-module costs for fabricated equipment (Cgg)
g 0315 5yl g o b Wb aST 1 g Cuad ol
¢ Total bare-module costs for process machinery (Cp,,)
s Sy Wl 9 (e 9 W g Ale) Wi Ol g5 115 &7 51 g Caad ol

* Total bare-module costs for spares (C,,.)

AT 0 Jes Ay g3 (S Oy &S Sl 4y e

* Total bare-module costs for storage and surge tanks (C,,,,qc)

300 mFd D b 9 b S wile Sl g 4y 5o

* Total cost for initial catalyst charges (C_, )

Wl 3 35 CadBl i a 5o

* Total bare-module costs for computers and software, control ... (C,,,)

IS S8 e il 53158 Jolls 1381 0 55 9 a3 3op0lS 4 52
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Total bare-module ) Oljgn & 5 &)y Jf LERT KW S5 540 Eyoma ®
1S o e | (investment
CTBM = CFE + CPM + Cspare + Cstorage + Ccatalyst + Ccomp
* Cost of site preparation (C,,.)
bl (ONSL )51 aaz phsms (IS OULE gy 03ly Wil oo G3le 03T 4 by e 4
e R R
* Cost of service facilities (C,.,i..)
W OT & b gy 55050 5 Slazsl & b gy 50 4 30
* Allocated costs for utility plants and related facilities
0T 4 g e UK 5 utilities lady ¢y adl olas! 4y 5o
Total of direct) gudiws <ol 8wl b aysd IS 6 3 3yl §yoma ®
s oo S 1y (permanent investment

Cppr = Crm + Csite + Cservice T Catioc
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Cost of contingencies and contractor’s fee (C_, )

6Kl Sl 432 5 0l iy Sy 3150 4 b gy e 4n a
53 waal 35 (Crpe) gl B 8 b w4t 38 Cppy 5 4232 o) S aetn

Crpc = Cppr + Ceont

Cost of land (C,,,.4)

(S gl B ,8) ok 0513 olass| ) 41 50
Cost of royalties (C,,,.;)

(S Vgl BB 58) 355 (0 S5 b SO 48 (ld) Sltal G 4 b gy o 4t a
Cost of plant startup (C

star tup)

(Sl JB 58) a1y il oly 4y b g po a5
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4w 458 (Crpe) Sl B 608 wlopw aijn 5 b 590 4w g o .
S o 5 1y (Crpp) Total Permanent Investment § <ot 188

Crpr = Crpc + Clgna + Croyal + Cstartup

b wB gl glyls dly Ol «(C,.) Working capital b 33,8 3 4l jw
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Table 16,2 Components of Total Capital Investment (TCI)

167135 aulopw (glm aisjim

Total bare-module costs for fabricated equipment Ce
Total bare-module costs for process machinery Cpm
Total bare-module costs for spares Cspa.lr,
Total bare-module costs for storage and surge tanks Corage
Total cost for initial catalyst charges Crmhml
Total bare-module costs for computers and software, C

comp
including distributed control systems,

instruments, and alarms
Total bare-module investment, TBM
Cost of site preparation
Cost of service facilities
Allocated costs for utility plants and related facilities
Total of direct permanent investment, DPI
Cost of contingencies and contractor’s fee
Total depreciable capital, TDC
Cost of land
Cost of royalties
Cost of plant startup
Total permanent investment, TPI
Working capital
Total capital investment, TCI

CTNM
Csi te
Cser\'
Callnc
Cm»(
Cnonl
C"J'L‘C
Cland
Cm,, "
Cslarlup
C".I‘I’I
ch
CTc:
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3 &5 yle (Indirect module expenses) \..MJ.& slaaga °
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Table 16.10 Example of Installation Costs for a Heat Exchanger to Give the Bare-Module Costs

Fraction of f.o.b.

Cost(S) Total Costs ($) Purchase Cost Cp
Direct module expenses
Equipment purchase price, f.o.b., Cp 10,000 1.00 Cp
Field materials used for installation
Piping 4,560
Concrete 510
Steel 310
Instruments and controllers 1,020
Electrical 200
Insulation 490
Paint 30
Total of direct field materials, C,, 7,140 C,=0714C,
Direct field labor for installation
Material erection 5.540
Equipment setting 760
Total of direct field labor, C; 6,300 €, =0.63C,
Indirect module expenses
Freight, insurance, taxes, Cyp 800 Car=008Cp
Construction overhead, Cg 5,710 Co=0571Cp
Contractor engineering expenses, Cy 2,960 Cp=0296Cp
Total indirect expenses, C 9470 Cp=105947C,
Bare-module cost, C,, 32,910 Cpy =3.291C,

Fyy = 3.291
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Table 16.11 Bare-Module Factors of Guthrie (1974) for Ordinary
Materials of Construction and Low-to-Moderate Pressures

Bare-Module Factor (Fpgy,)

Furnaces and direct-fired heaters, 2.19
shop-fabricated

Furnaces and direct fired heaters. 1.86
field-fabricated

Shell-and-tube heat exchangers 3.17

Double-pipe heat exchangers 1.80

Fin-tube air coolers 217

Vertical pressure vessels 4.16

Horizontal pressure vessels 3.05

Pumps and drivers 3.30

(Gas compressors and drivers 2.15
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Table 16.14 Capital Cost of Bare-Module Equipment Cost for an
Ammonia Plant—Costs in Millions of U.S. Dollars (Year 2006)

lf:rF‘ F M Cuu

Fabricated equipment

Heat exchangers 6.67 33 22.01

Flash drum 0.01 4.3 0.04

Distillation column 0.09 4.3 0.38

Adsorbers 0.23 4.3 0.98

Absorber 0.25 4.3 1.09

Membrane separators 4.52 32 14.46

Reactor 0.43 4.3 1.86
Process machinery

(Gas compressors 2172 3.5 97.00

Pumps 0.09 34 0.30
Total bare-module cost for

on-site equipment 138.12
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Csite = (4 - 6%)CTBM
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Table -7 Cost of buildings including services based on purchased-equipment cost or on fixed-capital

Percentage of purchased-equipment cost

Percentage of ¥ed-capital investment

Type of New plant New unit Expansion New plant New plant Expansion
process at new at cxisting at existing at new at cxisting at cxisting |
| plant site? site” site sited site” site

Solid 68 25 15 18 7 4
Solid-fluid 47 29 7 12 7 2
Fluid 45 5-181 ] 10 i 2

Utilities

Table 16,12 Allocated Capital Investment Costs for Utility Plants (CE cost index = 567)

W logspo aiyjm

)gSMTJS u'\_ca.'\,.s&.,c)) chéJq o gw cg'\—)\:’q Al ol e

(evaporator temperature = —20°F)

Utility Size Factor, § Range of § Allocated Cost, $
Steam Flow rate, Ib/hr 20,000 — 1,000,000 1b/hr C, e = 930 5081
Electricity Power, MW 0.5 — 1,000 MW Ciloc = 2,900,000 g
Cooling water Flow rate, gpm 1,000 — 200,000 gpm Coitoe = 1,100 8268
Process water Flow rate, gpm 5— 10,000 gpm C,poe = 1,700 8056
Refrigeration Tons 3 - 1,000 tons C,p.. = 12,500 8977

395 4 (CE cost index) auja o5l S 4 9 Al Jlo a5 b b b au s azdl @

s Sl




16) Silay 9 auili |is) i) (gln aiyjm

S o 55 53 S SIS e iy 32 TN 1y 00 2 g 618 42 Ysene
2 ol @18 e g 32 U (¢, Slay Ay p &S ol 838 slgaiy Guthrie cumes

TS g
Ceont = (3% + 15%)Cppy

315 (Ko AT 8 ol & Lol a3 9T B3 oyl andl @
S\ 38 015 &7 ol 031 0L o il 3l 31y Jous 5 0k plol Sla > 1,b ookas @

ool 03 39 ol IS Ayl s iy 38 UTD OIS i

Ollgiwl Lhlo pic glo aiyim

ey AR e

Ciana = 2%Crpc

(obd) Sl 3 a0 ¢
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Table 16.13 Typical Investment Site Factors, Fg,

CTPlcorrected = Fisp Crpy

U.S. Gulf Coast 1.00
U.5. Southwest 0.95
U.S. Northeast 1.10
U.5. Midwest 1.15
U.5. West Coast 1.25
Western Europe 1.20
Mexico 0.95
Japan 1.15
Pacific Rim 1.00

India 0.83
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Table 16.15 Total Capital Investment for an Ammonia Plant—Costs in Millions of U.S. Dollars (Year 2006)

Total bare-module cost for on-site equipment 138.12

Cost for spares 0.66

Cost for storage and suree tanks 0.57

Cost for initial catalyst charge 0.63

Cost of computers, software, and associated items

Total bare-module investment 139.98

Cost of site preparation 4.20

Cost of service facilities 2.09

Allocated costs for utility plants and related facilities 19.61

Direct permanent investment 165.88

Cost of contingencies and contractor’s fee 29.86

Total depreciable capital 195.74

Cost of land 351

Cost of plant startup 15.63

Total permanent investment 215.28
Working capital 12.80
Total capital investment 228.08

Naote: In Table 16.15, the cost of computers, software, and associated items is included in the total bare-module cost for on-site equipment.
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1. Order of magnitude (Hill 1956)
2. Study estimate
3. Preliminary estimate
4. Definitive estimate

5. Detailed estimate
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Steps of Order of magnitude
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Steps of Order of magnitude

* Material factor Material Fpy
Carbon steel 1.0
Copper 1.2
Stainless steel 2.0
Nickel alloy i
Titanium clad 3.0

:‘_,.g.b}&@arﬁbuc@:mw.\gbga\M"w“).a«.,wbug;\ﬁ 3

‘CTEM - FpI (h’lf;g;ﬁx) ECM Yoo dl )3 MS 4 e U‘”L"" o
308 ;““ LT8¢ 5w By
Type of Process Foup
Solids handling 1.85
Solids-fluids handling 2.00
Fluids handling 215

187

Steps of Order of magnitude

(Direct Permanent Investment) Y"’""““” <ol ¢ )\..'\f Wlo o b 4y 32 i 4

Cppy = (1 + F; + F5) Cypy
T (8 Cwd @ p) gl HIF, 3 F &

(3l db oo 0 b g1 0) Fy (Utility & b g 0 i) Fy
13T slad 4o 0.15 Minor addition to existing 0.1
ool 3y o0 @2 33131 Sl 0 0.4 Major addition to existing 0.3
ok 1 o S22 0.8 Gross roots plants 0.8
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Steps of Order of magnitude
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Purge Fuel
CH, 43981bhr  cH, 7
H, 2 “

< CH,

-
20,989 1b/hr ’ ! ]

2

569 psia

! Ol e
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540 Ib/hr
+7

70°F. 569 psia
CrHyp
423 Ibfhr

564 psin

CHy
25,262 Ib/hr
75°F, 569 psia

Fumace  AP=0psia

Exchanger | U0

CH,
8421 In/hr
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CH, 4398 Ib/hr

H, 7

369 psia Pressure
Change

a5 7

¥ : 3
1,200°F 1.200°F 2 1.268°F 100°F 100°F |Flash
o Temp. Pressure o Hydrodealkylation 2 | TEMP Pressurg 100°F,
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Table 16.6 Comparison of Annual Average Cost Indexes

CE MS NF ENR CPI

U.S. Federal

Chemical Engineering Marshall-Swift Nelson-Farrar Engineering News- Government

Plant Cost Index Process Industry Index  Refinery Construction Index  Record Construction Index = Consumer Price Index
Years  Year 1957-1959 = 100 Year 1926 = 100 Year 1946 = 100 Year 1967 = 100 Year 1914 =10

2000 394 1,110 1,543 579 172.2
2001 394 1,109 1,580 590 177.1
2002 396 1,121 1,642 609 179.9
2003 402 1,143 1,710 623 184.0
2004 444 1,202 1,834 662 188.9
2005 468 1,295 1,919 693 195.3
2006 500 1,365 2,008 722 201.6
2007 525 1,399 2,107 742 207.3
2008 575 1,478 2,251 774 2153
2009 522 1,446 2,218 798 214.5
2010 551 1,477 2,338 819 218.1
2011 586 1,537¢ 2,436 844 224.9
2012 585 2,465 867 229.6
2013 567 2,490 889 233.0

@ Data from Chemical Engineering until April 2012.
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() T3 g5 5 430 paslh (8,8 55 53 b Sljges JS a0 30 oo @
1.400

Cigy = 2.15 (m) ($6,650,000) = $14,700,000

H(GONE arlopw o 430 uand) O 9 F 10 @
41y cile 5 (Major addition) 65 28w S5 & 4T3 035330 520 5 i 55
b slad o

Cppp = (1 +0.15 + 0.30)($14,700,000) = $21,300,000
Crp; = 1.50(521,400,000) = $32,100,000

Crep = 1.15($32,100,000) = $36.900,000

194




Order of magnitude
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Table I6.8 Representative Plant Capacity and Capital Investment for Some Commodity Chemicals

Froduction Rate(s)

Commadity Chemical(s)

{millions of poundsfyear)

Capiral Investment Factor
[C,, in Eq. {16.4) for 1995]

Ethylene and propylene
Sulfuric acid

Ethylene dichloride
Ammonia and wrea
Chlorine and sodiwm hydeoxide
Ethylbeénzens
Phosphoric acid
Styrene

Mitric acid

Ethylene oxide
Cumene

Armmonivm nitrate

1,200 and 600
4,000
1.000

400 and 1,500

360 and 400
2,800
3,200
2,500
1,400

B0
600
RO

300,000,000
H30,000,000
SE0,000,000

S400, 000,000
HE0,000,000
SE0,000,000
S50,0043,000

S200, 000,000
530,000,000
SE0,000,000
530,000,000
20,000,000

Order of magnitude

new productionrate

)

=(p X
roe b old productionrate

pis Jole 0o S Bld gy

costindex(, ey

costindexq)

Table I6.8 Representative Plant Capacity and Capital Investment for Some Commodity Chemicals

Production Rate(s)

Commadity Chemical(s)

{millions of poundsfyear)

Capital Investment Factor
[C,, in Eq. (16.4) far 1995]

Ethylene and propylene
Sulfuric acid

Ethylene dichloride
Armmonia and wrea
Chilorine and sodium hydroxide
Ethylbenzens
Phosphoric acid
Styrene

Mitric acid

Ethylene oxide
Cumeng

Armmonivm nitrate

1,200 and 600
4,000
1.000

400 and 1,500

360 and 400
2,800
3,200
2,500
1,400

&0
600
RO

H300,000,000
H30,000,000
SE0,000,000

F400,000,000
HE0,000,000
SE0,000,000
H50,000,000

200,000,000
550,000,000
SE0,000,000
530,000,000
20,000,000
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Example
Table I6.8 Representative Plant Capacity and Capital Investment for Some Commodity Chemicals
Production Rate(s) Capital Investment Factor
Commadity Chemical(s) {rmllions of poundsfyear) [Cy i Eq. {16.4) for 1995]
Ethylane and propylens 1,200 and 600 F300,000,000
Sulfuric acid 4 {10 30,000,000
Ethylene dichloride 10010 TEO,000,000
Armmonia and urea 400 and 1,500 00, 006,000
Chlorine and sodiuwm hydroxide 360 and 400 FEO, 000,000
Ethylbenzens 2E00 FEO, 000,000
Phosphoric acid 3200 50,000,000
Styrens 2,300 F200, 000,000
Mitric acid 1400 50,000,000
Ethylene oxide 600 FEO000,000
Cumene 60o0 530,000,000
Ammonium nitrate B0 F20,000,000
. 0.6 .
new productionrate cost mdex(n ew)
CT DC — C b X - X -
old productionrate cost index o4
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Table 16.6 Comparison of Annual Average Cost Indexes

CE MS NF ENR CPI
U.S. Federal
Chemical Engineering Marshall-Swift Nelson-Farrar Engineering News- Government
Plant Cost Index Process Industry Index  Refinery Construction Index  Record Construction Index ~ Consumer Price Index
Years  Year 1957-1959 = 100 Year 1926 =100 Year 1946 = 100 Year 1967 = 100 Year 1914=10
1990 358 935 1,226 441 130.7
1991 361 952 1,253 450 136.2
1992 358 960 1,277 464 140.3
1993 359 975 1,311 485 1445
1994 368 1,000 1,350 503 1482
1995 381 1,037 1,392 509 152.4
1996 382 1,051 1419 524 156.9
1997 387 1,068 1,449 542 160.5
1998 390 1,075 1,478 551 163.0
1999 391 1,083 1,497 564 166.6
2010 551 1,477 2,338 819 218.1
2011 586 1,537¢ 2,436 844 2249
2012 585 2,465 867 229.6
2013 567 2,490 889 233.0

@ Data from Chemical Engineering until April 2012,

. 0.6 .
new productionrate costindex(, e )

Crpc = Cp X

X
old productionrate cost index(,1d)

Example

S ol 0 0313 8 5k V54 T /yr 0 o o 6y e o gt 3

. 0.6 .
new productionrate cost mdex(new)

C =(, X X -
rbe b old productionrate costindexq)

594\°® /567
Crpe = 80000000 X [ ——

€0 X 381 = 40.4 milliondollars
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Study estimate

Table 16.16 Original and Recommended Lang Factors

fy, <ol 2

Original Lang
Factors, Not
Including
Working Capital

Ji Lrn h Lrey
Recommended Lang Recommended Lang
Factors of Peters et al. Factors of Peters et al.
Nort Including Working Capital Including Working Capital

Solids processing plant 3.10
Solids-fluids processing plant 3.63
Fluids processing plant 4.74

3.97 4.67
4.28 5.03
5.04 593

Crep = 105 fi,, L 1Cp

Study estimate

Major addition 53 L 01,Kea 5 5y Jaw g ol Pl ol

.w\a.\;zwf)fﬁj):(‘}muQ)A)Q\M‘Q)A}\gsw)zau.o«guu{pm Q

Table 16.17 Breakdown of Lang Factors by Peters et al. (2003)

Percent of Delivered Equipment Cost for

Salids Solids-Fluids Fluids
Processing Plant Processing Plant Processing Plant
Delivered cost of process equipment 100 100 100
Installation 45 39 47
Instrumentation and contral 18 26 36
Piping 16 31 68
Electrical 10 10 I
Buildings {including services) 25 29 I8
Yard improvements 15 12 4]
Service facilities 40 35 70
Total direct plant cost 269 302 360
Engineering and supervision 33 2 33
Construction expenses 39 34 41
Total and indirect plant costs 341 368 434
Contractor’s fee and [egal expenses 21 23 26
Contingency 35 7 44
Fixed capital investiment 397 428 S04
Lang factor, fi . for use in Bq. (16.9) 197 4.28 5
Working capital 70 73 89
Total capital investment 467 503 593
Lang facmr.fl_m. for use in Eq. (16.10) 4.67 3.03 583
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kK1 H166% of Stream 34
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Gas
Recyde Hi FL
- Cooler - High-prassire Flash
[57] ~~_[=1 12(°FF
- 302°F 1HFF 300 psia
E 315 psia /(“C:?L 300 psia k)
El W
335 Reactor
psia CH, +3H,—C.H 4
a0.85% Conversion of Benzens
= Sim =
3 B
—BFW
bakeup Ha
2838 1hmolthr
70 mol% H, 1 F2
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Table 16,18 Equipment List, Including Purchase Costs, for the Cyclobexane Process

Eguipment Design Design
Eguipment Name Label Size Temperature (*F) Pressure (psia)
Recycle compressor Kl 3Hp 120 350
Feed-gas comprassor K2 296 Hp 450 350
Benzene feed pump PI AHp 120 3s0
Recycle pump P2 I Hp 120 350
Covler HI 210 i 210 300
Effiuent-BFW HX H2 120 8 400 m
Effluent-benzene HX H3 160 ft* 270 am
High-pressure flash 2 fi diam. 120 300
Fl =
& It height
Low-pressure ash 2 fi diam. 120 m
F2 =
& It height
Reactor B fi diam. 400 330
Rl b4

30 fi height
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base

Cost = Base cost

Table 16.6 Comparison of Annual Average Cost Indexes

CE MS NF ENR CPI
U.S. Federal
Chemical Engineering Marshall-Swift Nelson-Farrar Engineering News- Government
Plant Cost Index Process Industry Index  Refinery Construction Index  Record Construction Index = Consumer Price Index

Years  Year 1957-1959 = 100 Year 1926 = 100 Year 1946 = 100 Year 1967 = 100 Year 1914 =10
2000 394 1,110 1,543 579 172.2
2001 394 1,109 1,580 590 177.1
2002 396 1,121 1,642 609 179.9
2003 402 1,143 1,710 623 184.0
2004 444 1,202 1,834 662 188.9
2005 468 1,295 1,919 693 195.3
2006 500 1,365 2,008 722 201.6
2007 525 1,399 2,107 742 207.3
2008 575 1,478 2,251 774 2153
2009 522 1,446 2,218 798 214.5
2010 551 1,477 2,338 819 218.1
2011 586 1,537¢ 2,436 844 224.9
2012 585 2,465 867 229.6
2013 567 2,490 889 233.0
@ Data from Chemical Engineering until April 2012.
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Table 16.16 Original and Recommended Lang Factors

Original Lang Ji, Foa

Factors, Not Recommended Lang Recommended Lang

Including Factors of Peters et al. Factors of Peters et al.

Working Capital Not Including Working Capital Including Working Capital

Solids processing plant 3.10 397 4.67
Solids-fluids processing plant 363 4.28 5.03
Fluids processing plant 474 5.04 593

wlgey °

Crer =

ol Caws @ Y FY e bu\ﬁ(;)}g@)b)&é‘;’)}“‘\g&d&ﬁ"ﬁ"é‘ﬁ .




Preliminary estimate

WAL o o3 Y dgd g3 gy opl sl

Dladle Sy ol Jo

s ol Jlbes bl 0Kws i dabel o&aws Ol pis Jold Ol jgow Jodr 4 .1
(study estimate i, alis) o> sizing ¢ L

Ceasd e Sl b ol o 0K sizing bl ol Ol a3 S f.0.b Cond a2
(L)

(Bare-Module cost) Ol g Cwod poni .3

I e ..
G =G ([—) [Fayg + (FaF,Fpy = D] S8 o IS 38 o 4

b

Crcr = Crpr + Cye = 1.18(Crpy + Cite + Cunitdings T Cofsite facilities) T Cwe

Preliminary estimate

oo . Z .o R . . .o . -
o a8 8 5 33 (Cpurep) D8 500 5 (Cropa) Jltel G= Sl w38 (ogy 0! o

!

teld B daily 5o
I
CBM = CPb (I_) [FBM = (FdeFm — 1)]
b
bare module factor :F)y, f.o.b cur p Ol g ! Cpb
Slid 556 F =l 556 F,

(sl 25 31 b ) ) i 5 5556 :F,




Preliminary estimate

1y daily o s

Crcr = Crpr + Cye = 1.18(Crpy + Cite + Cunitdings T Coffsite facilities) T Cwe

I
Crpm = z Cpm = E Cp; <_, > [Fom, + (Fa,Fp,Fn, = 1))
; base

i

1wl ol Wyl slglin 9 (Csite) ™ ‘\.byu sl p

Gross root
Csite Addition
— (4 —6%) Crpy

Preliminary estimate

Crcr = Crpr + Cwe = 1.18(Crpyt + Cire + Chnitdings T Cofisite facilities) T Cwe
b ol a5 ¢l o
Operationg

—>10% CTBM
Cbuildings Other

— (5 —=20%) Crgy (5%: Addition; 20%: Grossroot)

(yohow LS VSN Y d)-\-?).\;;fdw'utilityo\%‘gs\zjb'r.a\)C

offsite facilities

Coffsite facilities — Loffsite utility plant + 50/OCTBM




Preliminary estimate

(ke LS VSN Y dj.\a).\;.{a»wutilityc:\ﬁ»@@}s\gra\)C

offsite facilities

Table 16.12 Allocated Capital Investment Costs for Utility Plants (CE cost index = 567)

Utility Size Factor, § Range of § Allocated Cost, $
Steam Flow rate, Ib/hr 20,000 — 1,000,000 1b /hr Cyioe = 930 SO
Electricity Power, MW 0.5 = 1,000 MW Cyioec = 2,900,000 082
Cooling water Flow rate, gpm 1,000 — 200,000 gpm Cyiee = 1,100 8768
Process water Flow rate, gpm 5 — 10,000 gpm Cyoe = 1,700 806
Refrigeration Tons 3 — 1,000 tons Cypoe = 12,500 8277

(evaporator temperature = —20°F)

L Crep 3410 Sy 4 015 (o 1) (Cye) 535 55 wlow a3a o hgy b alis
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Table 16.11 Bare-Maodule Factors of Gutheie {1974) for Ocdinary
Materials of Construction and Low-to-Moderate Pressures

Bare-Module Factor (Fy,,)

Furnaces and direct-fired heaters,

shop-fabricated

Furnaces and direct fired heaters,

field-fabricated
Shell-and-tube heat exchangers
Double-pipe heat exchanpers
Fin-tube air coolers
Wertical pressure vessels
Honzontal pressure vessaels
Pumps and drivers
Gas compressors and drivers
Centrifuges
Horizental conveyors
Bucket conveyors
Crushers
Mills
Crystallizers
Dreyers
Evaporators
Filters
Flakers
Screens

rle

1.86

317
180
217
4.16
305
330
215
203
1.61
1.74
1.35
230
206
206
245
232
205
1.73
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Table 16.6 Comparison of Annu

CE

Chemical Engineering
Plant Cost Index
Years  Year 1957-1959 = 100

2000 394
2001 394
2002 396
2003 402
2004 44
2005 468
2006 500
2007 525
2008 575
2009 522
2010 551
2011 586
2012 585
2013 567
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TOTAL PRODUCTION COST

Production pirect Labor + Direct Material +

Cost = :
Formula Overhead Costs on Manufacturing
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Annual sales revenue, $/yr = Z(sales of product, kg/yr)(product sales price, $/kg)
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Table 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 Btu/lb

Coal—Powder River Basin, 8,800 Buu/lb

Wastewater treatment®

Landfill

$8.00/1,000 Ib
$7.00/1,000 Ib
$6.00/1,000 1b
$0.070/W-hr
$0.10/1,000 gal
$0.80/1,000 gal
$2.00/1,000 gal
$10.00/on-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

$0.15/1b organic removed
$0.08/dry Ib

517.60/1,000 kg
$15.30/1,000 kg
$13.20/1,000 kg
$0.070/kW-hr
50.027/m*
$0.27/m’
50.56/m’
533.20/GJ
$23.30/G1
$13.17/G]
56.47/GI
55.00/GI
50.213/3CM
$933/m?
$66/1,000 kg
514.34/1,000 kg
$0.33/kg organic removed
50.17/drykg
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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

Operations (labor-related) (O) (See Table 17.3)

Direct wages and benefits (DW&B)

Direct salaries and benefits

Operating supplies and services
Technical assistance to manufacturing

Control laboratory

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

Fluid handling process

Solids-fluids handling process

Solids-handling process
Salaries and benefits
Materials and services
Maintenance overhead

Operating overhead

General plant overhead

Mechanical department services
Employee relations department

Business services

Property taxes and insurance
Depreciation (see also Section 17.6)

Direct plant
Allocated plant

Rental fees (office and lab space)

Licensing fees

COST OF MANUFACTURE (COM)

$40/operator-hr

15% of DW&B

6% of DW&B
$60,000/(operator/shift)-yr
$65,000/(operator/shift)-yr

3.5% of Crpe
4.5% of Crpe
5.0% of Crpe
25% of MW&B
100% of MW&B
5% of MW&B

7.1% of M&O-SW&B
2.4% of M&O-SW&B
5.9% of M&O-SW&B
7.4% of M&O-SW&B
2% of Crpe

8% of (Crpe — 1.18 Cyyy )
6% of 1.18C,.

(no guideline)

(no guideline)

Sum of above

S40/operator-hr

15% of DW&B

6% of DW&B
$60,000/(operator/shift)-y
$65,000/(operator/shift)-y

3.5% of Crpe
4.5% of Crpe
5.0% of Crpe
25% of MW&B
100% of MW&B
5% of MW&B

7.1% of M&O-SW&B
2.4% of M&O-SW&B
5.9% of M&O-SW&B
7.4% of M&O-SW&B
2% of Crpe

8% of (Crpe — 1.18Cy,)
6% of 1.18C
(no guideline)
(no guideline)
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)
TOTAL PRODUCTION COST (C) COM + GE COM + GE

4 DW&B = direct wages and benefits; MW&B = maintenance wages and bencefits; M&O-SW&B = maintenance and operations salary, wages, and benefits. See

Table 16.9 for Cpe and C,,,... 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.
Soutrce: Busche, 1995 with modifications.

AL (/AL ) o Y e g 0l OL:gJ.l}J.S\.z@ﬁoperatlngtactorgd‘w)}éw

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 -30 to 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 Bru/lb
Illinois bituminous coal 12,500 Bru/lb
‘Wyoming subbituminous coal 9,500 Btu/lb
North Dakota lignite coal 7,200 Btu/lb
No. 2 fuel oil (33° APT) 139,000 Btuw/gal 131,000 Btu/gal
No. 4 fuel oil (23.2° APT) 145,000 Btu/gal 137,000 Btu/gal
Low-sulfur No. 6 fuel oil (12.6° API) 153,000 Btuw/gal 145,000 Btu/gal
Methyl alcohol 9,550 Btu/lb
Ethyl alcohol 12,780 Btu/Ib
Benzene 17,986 Btu/lb 17,259 Btu/lb
Hydrogen 322 Btu/SCF 272 Btw/SCF
Carbon monoxide 321 Bu/SCF 321 Baw/SCF
Methane 1,012 Btu/SCF 907 Btu/SCF
Ethane 1,786 Btu/SCF 1,601 Btu/SCF
Propane 2,522 Btu/SCF 2,312 Btu/SCF
Natural gas (8595 vol% methane) 1.020~1,090 Btuw/SCF 920-990 Btu/SCF
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gal 60 min 3.785lit
Qwastewater = 500 min X X gal = 113600
L Ybenzene
— X 0. X
113600 . X 24 x 365 x 0.9 X 0.15 L 154
b benzene
Annual cost of benzene removal = 296000 o

$
= 44400 —
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lb benzene
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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

Operations (labor-related) (O) (See Table 17.3)
Direct wages and benefits (DW&B)
Direct salaries and benefits
Operating supplies and services
Technical assistance to manufacturing
Control laboratory

Maintenance (M)

Wages and benefits (MW&B)
Fluid handling process
Solids-fluids handling process
Solids-handling process
Salaries and benefits
Materials and services
Maintenance overhead

Operating overhead
General plant overhead
Mechanical department services
Employee relations department
Business services

Property taxes and insurance

Depreciation (see also Section 17.6)
Direct plant
Allocated plant
Rental fees (office and lab space)
Licensing fees

COST OF MANUFACTURE (COM)

$40/operator-hr

15% of DW&B

6% of DW&B
$60,000/(operator/shift)-yr
$65,000/(operator/shift)-yr

3.5% of Crpe
4.5% of Cppe
5.0% of Crpe
25% of MW&B
100% of MW&B
5% of MW&B

7.1% of M&O-SW&B
2.4% of M&O-SW&B
5.9% of M&O-SW&B
7.4% of M&O-SW&B

2% of Crpe

8% of (Crpe — 1.18 Cyy)
6% of 1.18C 0.

(no guideline)

(no guideline)

Sum of above

S40/operator-hr

15% of DW&B

6% of DW&B
S60,000/(operator/shift)-y
$65,000/(operator/shift)-y

3.5% of Cype
4.5% of Crpe
5.0% of Crpe
25% of MW&B
100% of MW&B
5% of MW&B

7.1% of M&O-SW&B
2.4% of M&O-SW&B
5.9% of M&O-SW&B
7.4% of M&O-SW&B
2% of Crpe

8% of (Crpe — 1.18C )
6% of 1.18C ..

(no guideline)

(no guideline)

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

Lid Bl

Batch or semibatch operation
Fluids processing
Solids—fluids processing

[ =N R i R

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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Cl HCl
- 2 —] i -

113400 Ib/hr - El'lfﬁz:m Bk St 58,300 Ib/hr
C,H, NPC. 1.5 atm S0°C, 26 atm System C,H,Cl
44,900 Ibvhr 100,000 Ibfhr

CyH,Cl Recyele
105,500 Ib'hr
239
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cl, HCI
- f—] i =
113,400 Ib/hr - El'lfﬁz:m B St 58,300 Ib/hr
o o -
CH, __ 1 orc 15am A0G, 2 at Syt G,H.Cl
44 90 Ibvhr 100,000 Ib/hr
CH,CL Recycle
103,500 Ib/hr
E-100 R-100 E-101 F-100 V-100 E-103 T-100 V-101 E-104 T-101 E-106 V-102
Condenser Direct Evaporator Pyrolysis Quench  Condenser HCl  HCI Column HCL Column VC  VCColumn VC Column
Chlorination Furnace Tank Column Reflux Drum  Condenser  Column  Condenser Reflux Drum
Reactor
- E-100
R-100
0 E-101
e
Chlorine o
5
oW
E-1(5
- H § @
P-104
P-100 E-108 P-101 E-102 E-105 P-102 P-104 E-107 P-103
Reactor Recycle Quench Quench HCI Column  HCl Column Recyele ¥C Column VC Column
F-100 Pump Cooler Tank Cooler Reboiler  Reflux Pump Pump  Reboiler Reflux Pump
Pump
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Annual DW&B = (30 operators)( 2,080 hr /yr)($40.00 /hr)
= %2.496,000
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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

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

Operating supplies and services = 0.06($2,496,000)
= 5149.800

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

= $300.000

Control Laboratory = $65.000(5) = $325.000
242
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The total labor-related operations annual cost, O, is:

0 = $2,496,000 + $374.400 + $149,800 + $300.000 + $325,000
= $3,645,200/yr
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Table 17.1 Cost Sheet Outline?

Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
Wages and benefits (MW&B)
Fluid handling process 3.5% of Crpe 3.5% of Cype
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 MWV &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 Cype 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

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. 245
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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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(7.14+24459+7.4) =22.8% of M&O-SW&B
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Direct wages and benefits (DW&B) = $2,496,000
Direct salarics 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?

Cost Factor Typical Factor in American Engineering Units Typical Factor in SI Units
Property taxes and insurance 2% of Cpe 2% of Cipe
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

u.o.uT);cU‘\fu.n}o.c‘s\.as\.zg,;..zdl’.bﬁuﬁl.,w:6&@)&&0@@}5’6@&@);@@
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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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1 Continuous plant operation 330 day/yr or 7,920 hr/yr
» &J & Feedstock 9,117 Ib/hr @ $0.50/1b
T (J MCB product 5,572 Ib/hr @ $0.68/1b
o Benzene byproduct 3,133 Ib/hr @ $0.54/1b
HCI gas byproduct 355 Ib/hr @ $0.04/1b
s AT ¢y (credit) Jb jlasl 5 wish o 48,8 5 13 il Y game Olgea HCL 5 O3
ot
Cost of site preparation $123,000
. 2 : o
Total bare-module costs, 51,230,000 and service facilities,
Costof land @2% of Crpe Cost of contingencies @18% of Cyy,
150-psig steam 1,365.5 Ib/hr @S7.00/1,000 1b
Electricity 0.60 kW@ 30.07/kW-hr
Cooling water 258 gpm @50, 10/1,000 gal

Operators one/shift 250
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Chp = $1,230,000 + $123,000 = $1,353,000
Cogy =0.18 Cppy = 0.18(1,353,000) = $243,500
Crpe = Cpm + Copre = $1,353,000 + $243,500 = 51,596,300
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Cost Factor Annual Cost
Feedstocks (raw materials) $36,103,300
Utilities

Steam, 150 psig 75,700
Electricity 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 labor-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
253
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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
255
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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
Earnings But Not
Over 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 81,333,333 $5,150,000438% over $15,000,000  INet earnings or profit = (1 — r} gross earnings
18,333,333 —

416,667 + 35 18,333,

36 .666 + 35% over $18,333,333 =060(S_C)
{equivalent to 35% on total gross

earnings)

IV JUo

S dalons | YL (net) Jalls 5w g GV (grOSS) Lallsb 3 s ¢ L Jlis s 5 Wosls )
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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
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PROFITABILITY

Production pirect Labor + Direct Material +

Cost = :
Formula Overhead Costs on Manufacturing

i [0

L3S )3 aulo jaw

1w )15 5 o (Working capital) (53,8 53 a1ls o O)5s ol &0 6o o) 5

Cwc = Cashreserves + Inventory
+ Accountsreceivable — Accounts payable

“}MG‘“‘%J’JJ’)JQ“U@UUJ\%‘S\AM

- Cashreserves = 1—12 (or8.33%) of COM (Costof Manufacturing)

adn S ¢l el g gl 3 s Cwd :Inventory —

annual earning of liquid and solid (but not gas ) products

Inventory =
Y 52 (weeks per year)

=1 .92%(annua1 earning of liquid and solid (but not gas)products)
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— A ccounts receivable = 8.33% x annual sales of all products

— A ccounts payable = 8.33% x feed stocks

‘ul.o,.» Ay pn g YEYVYD. s 8 b ol Jlles W anja 015 &5 g yls ¢l b5, e

B ((wolr) A Jpams ¥ 65,5 ol il o YYVFAL § Ll SVl L6 < &

G098 3 ol S0 waT 3 Wigd oo dis g0 Jgeame ¥ p &S 5405 (G6) C ()

Pl ol 0313 altws 53 1) OLEMbI .l YESEAY S )y ol 5 e J guaone
Annual sales = 268329005  ; Costoffeedstocks = 21662000 S

(B35 33 40y ks o s

.r..g\bgo.J?

Cy,c = Cash reserves + Inventory + Accounts receivable — Accounts payable

= Cyc = (0.0833 x 23372500) + (0.0192 X 26669700)

+(0.0833 x 26832900) — (0.0833 x 21662000) = 2889800 i
yr

1w &\y\

Gross earning/Gross profit i ,all>Us su-
Sl o g ay e JSC g sl el s IS8
Net earning/Net profit i 2> 5 su-

Grossprofit=S5—C

Netprofit=(1—-t)(S—-C)
sl yiio (%0 Lo 520) %00 G 8 &5 Wil o (Income tax rate) Ll ys » Sk 5 Ol t

Table 17.4 Federal Income Tax Rate Schedule for Corporations

Gross
Earnings But Not
Over Over Income Tax

$0 $ 50,000 15%

50,000 75,000 $7.500 + 25% over $50,000
75,000 100,000 $13,750 + 34% over $75,000
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 81,333,333 $5,150,000+38% over $15,000,000
18,333,333 — $6.416,667 + 35% over $18,333.333

(equivalent to 35% on total gross
earnings)
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Approximate methods U\ oo & ¢l g, -)
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) 55U gy ool 8 (08 D30 0,

Return of investment b (ROI) &b o i 34 oo

Payback period b (PBP) & cui8 30 0 93-

Venture profit (VP)-

Annualized cost (CA)-

33,5 085 4l yu 31 5l 4z 4Vl ey el 5 0 B9y ol 53 :ROT -

Netprofit 1-)S—-C
ROI — prof (1—-1t)( )

 Total capital investment

CTCI

@ils) LS |oma39u o) 1 gle gy

PBP (35l 35,8 a3k 41l s Jlo dizx 31 ey i el 5 (0 395 (21 53 :PBP -
:&'Tdns‘;w:s\gd\.wwﬁ
_ Crpc
~ [Netprofit + Depreciation ]| (1 —t)(S—C)+D

sUL di.c.u., 0L > :Annual cash flow

Total depreciable investment

ASb J ¥ 3l S WU PBP Yaane

1w 0 Blod 4518 sl i gy opl 43 (VP ¥

VP = Netprofit — (minrate of return) X (Total capital investment)

= VP =(1—-t)(S —C) — inin X Cr¢;

oL (AT Js ) B B 4l i3 Bl iy
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C4 = Production cost + iyin X Crcy

Table 17.5 Approximate Profitability Measures
Time Value of Money is Ignored and Straight-Line Depreciation is Used.
(details presented in Section 17.4)

Approximate
Profitability Measure Formula®
Return on investment (ROI) ROI = Net'earl.'ungs = S, e
Total capital investment Crer
C

Payback period (PBP PBP = e

bk Pl (PRE) 1-08-C)+D
Venture profit (VP) VP=(1-5-C) =i (Ciep)
Annualized cost (AC) AC=C, =C+i, (Cyp
9§ in = reasonable return on investment; f = sum of U.S. federal and state income tax rates; C = annual production cost;

D = annual depreciation; S = annual sales revenues; Cpey = total capital investment; Cype = total depreciable capital.

(Interest) argJ

Sl dlons b Sy 0 93 4 Hlms (2

(simple interest) o3l 6 -

dw g 9 (discrete) s S 95 W o« :(compound interest) u"*{f 0 g

3,13 3 3> 3 (continuous)

- 5 Single payment -\ j| Cud ke &5 3515 357 5 0 4 &1 Sok e ) 63 £ 9

Annuity payment

I'=F-P il o o w0y T 53 F g aleju ad iy P oo, Oboa T

23,105 3L ) 3,5, o e SIARIEEE RS
[=F—-P=inP=>F=inP+P=P(1+in)
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[=inP =01x4x1000% =400 %




(Interest) aprgd

oS S oY
e oyl S
Interest earned during
, Principal at period ({ = interest rate Compound
Period start of period hased on length of one period) amount F at end of period
1 p Pi P+ Pi=P(0+i)
2 P(l+i) P(L+i)(i) P(L+i)+ P +i)() = P(1 +i)?
3 P(1+i)? P(1+1)(i) PALAD? + P(L+iY40) = P(1+4)°
N P+ P(L+ )M ) P+

s 4503 33 o a8 discrete single payment amount factor «(1+i)N | zS6 &
! g1 56

(Interest rate) argd pH glgdl

(interest rate) 695 » )3 0 ¢ 5 -
(nominal interest rate) ow! o ¢ S
(effective interest rate) 5 s 0 g ¢ 5 =¥

r..@ao\is

10T oaend 0359 oS o0 Blod | ol 0,0 5 ekl 05 Oy o S 55 00 75 ST
Sl 8 o S5 0 g Dluwls Sl m &S

r=1Lm S 380 TP ek 050
pokil B J 31 N 5 b 0y 93 Sl N &S 5 50 5

(m=1)mp@¢uuaﬁwwv";yo,@,a

r m.Ny,
N=mNy=F=p+)"=pP(1+-)
m

F=P(1+iys)"”
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ST EAABE

N m.Ny, ry\m
=>P(1+ieff)y=P<1+m) "o (14 depy) = ( —)

Tm
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F=P(14iN) = 1000[1 4 (0.02)(24)] = $1480 A Y

o

F=P(0+HY =$1000( + 0.02)* = $1603
Sl ks S 0 Glale Sy g0 4 &S el 3 (comil 0, 75 57

r=im=0.02x12 =0.24 .5

" 0.24\ "
foff = (1 + —) -1 = (l + W) — 1 =0.268 = 20.8% per year
in




(Interest) aprgd
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y mN r (mfr)(FrAN)
F:P]im(l—l——) = P lim (l—l——)
MO n "M— 00 . rg‘b <

1 x . mfr o s
lim<1+—> =e = lim (1+—) =¢=2.71828--. Gl
X—00 X m—co m
T o Cawd 4 5 Syl 5 T g0 0, i gy Sl 3 513 0L Ol o0

F =P

iw=c —~1 = r =l +im=e” = +iw"=F=re¥ =P0+in"

1

a,g) gleil uuiliog

A
300 -
E
£
<
SR
« 250
% L5
=z < Amount with continuous
Z o compound interest
= 2 200
g L Amount with discrete «
g = compound interest
=
5 150
E S
e Amount with simple interest
100 ! I | |
0 - 8 12 16 20

Time, yr

Comparison among total amounts accumulated with simple annual interest, discrete
annually compounded interest, and continuously compounded interest
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(Depreciation) «Slgiaml

d ch G ol | e Lo
0

bl o S o3 € 50 Ly s 83 55V, o

S g ol Al gl t5«dl gy 3 :(Declining balance) Jy5 315 g,y -¥
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(Depreciation) «Slgiaml
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Table 7-9 MACRS depreciation rates?

General depreciafion systen

Applicable depreciarion method: 200 or 130 percent

Deaclining belance switching to struight-line metlod As - ‘ . ‘ & . ‘ ‘ )
Applivable recovery periods: 3, 5, 7, 10, 15, 20 years )b g_]‘?. U’“ﬁ) U'l ¢ .
Applivable convention: fulf-vear

Recovery period QS’))J }‘J-’ uﬂj) }‘ ‘dj‘ QS\A ‘JLM’

Recovery dyear S-year T-year 10-year 15-year 20-year . -
year Depreciation raie, ¢ ] ‘J’“ﬁ) )‘ )" d‘*" -\;’ j @‘L’jb

1 3333 20,00 14.29 10,00 5.00 3.750 ‘ ‘ ‘

2 44,45 3200 2449 18.00 9.50 7.219 \ S M e 0 T ) [N hé

3 14.81 19.20 17.49 14.40 H.55 0.677 v 6 JJ’ )

4 7.41 11.52 12.49 11.52 7.70 6.177 . ‘

3 11.52 203 9.22 6.93 5713 b . a:\ -}

] 576 2.02 7.37 6.23 5.285 =) Uﬁ

7 893 6.55 5.90 4588

8 4.46 6.55 5.90 4,522

9 6.56 591 4462

1y 6.55 5.9( 4461

11 328 591 4.462

12 5.90 4461

3 5.91 4.462

14 5.90 4.461

15 5.91 4,462

It 295 4461

17 4.462

18 4.461

19 4.462

20 4461

21 2.231
'Source: € 2002 OCH Incorporated. A1l Rights Reserved, Reprined with permission from 2000 LS, Masrer Tex 277
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Class Life = 5 years

Class Life = 7 years

Class Life = 10 vears

Taxes Taxes Taxes
Year D ($fyr) Saved ($/yr) D (S/yr) Saved (3/vr) D (/) Saved ($/y1)
1 18,000,000 6,660,000 12,861,000 4. 7385370 9,000,000 3,330,000
2 28,800,000 10,656,000 22,041,000 8,155,170 16,200,000 5,994,000
3 17,280,000 6,393,600 15,741,000 5,824,170 12,960,000 4,795,200
4 10,368,000 3,836,160 11,241,000 4,159,170 10,368,000 3,836,160
5 10,368,000 3,836,160 8.037.000 2.973.690 8,298,000 3,070,260
6 5,184,000 1,918,080 2.028.000 2.970.360 6,633,000 2454210
7 0 Q 8.037.000 2,973,690 5.895,000 2,181,150
8 0 Q 4,014,000 1. 485,180 5,895,000 2,181,150
9 0 Q 0 0 5,904,000 2,184,480
10 0 0 0 0 5,895,000 2,181,150
11 0 ] 0 0 2,952,000 1,092,240
Total § S0,000,000 33,300,000 90,000,000 33,300,000 90 000,000 33,300,000

GUL @l 1y o, ST bl il 035 0L Lo Ve 5V b sla 0y93 &l s dy (0 L5
Gl P = F(L+ D)™ daly S8t (Ve gl 0,0 75 1) oS Blod Sl VY 53 0k 0,053
S35 (o8 et U (558
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Present Value of

Class Life (vears) Income Tax Savings
5 £25.730,000
i $24.024,000
10 $21.783,000

SIs ol T 5350 b Sl 51 s ok 0 ,5d Slle J5S 33y e S 1SS
ipe.-{@?ﬁ‘e}oJ;Jg,-—\J@ﬁj},\«gbdhﬁpa.\&oﬁé:’cagu

m=1 _
r=10% ; r=ixm —r=i=0.1

P=FQ+i{)™=F1)™
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1 6660000 6660000%(1.1)1=6054545
2 10656000 10656000*(1.1)2=8806611
3 6393600 4803606

4 3836160 2620148

5 3836160 2381953

6 1918080 1082706

Total 33300000 25749571.93
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Net present worth (or value) or NPW

AL 6 g 9 w..fja 95 ¢ b (True rate of return) 8y 4l v h—«wf)b ts -y

(Discounted cash flow rate of return or DCFRR)
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Investment

5o Net Cash Discounted Cum.
Year fCrme Cye D Cera. pep. S Eamings Flow Cash Flow PV
2014 (30.00) (30.00) (30.00) (30.00)
2015 (30.00) (30.00) (26.09) (56.09)
2016 (30.00) (40.00) (70.00) (52.93) (109.02)
2017 18.00 55.00 75.00 1.20 19.20 12.62 (96.39)
2018 28.80 78.00 113.00 372 32.52 18.59 (77.80)
2019 17.28 100,00 150.00 19.63 36.91 18.35 (59.45)
2020 10.37 100,00 150.00 2378 34.15 14.76 (44.68)
2021 10.37 100.00 150.00 23.78 34.15 12.84 (31.85)
2022 5.18 100.00 150.00 26.89 32.07 10.48 (21.36)
2023 100.00 150.00 30.00 30.00 853 (12.83)
2024 100.00 150.00 30.00 30.00 7.42 (5.42)
2025 100.00 150.00 30.00 30.00 6.45 1.03
2026 100,00 150.00 30.00 30.00 5.61 6.64
2027 100,00 150.00 30.00 30.00 4.88 11.51
2028 40.00 100,00 150.00 30.00 T0.00 9.89 21.41

Net earnings = (8 = Cg,y pep. — D) % (1.0 — income tax rate)

Annual cash flow = C = (net earnings 4+ D) = fCqpe = Cyc
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