EGI — Process Economics
PROBLEMS

Three new pieces of equipment will be installed in an existing factory: a reactor with
agitation, a shell and tube heat exchanger and a centrifugal pump. The reactor has vitreous
coating, its cost can be considered 3 times higher than a carbon steel reactor. The heat
exchanger, the pump and the associated piping are all high-grade chromium stainless steel.
The equipment will operate at moderate pressure and temperature. The volume of the
reactor is 9 m3, the heat transfer area of the heat exchanger is 50m? and the pump power is
5kw. No significant investment is required in utilities, buildings, support infrastructures (off
Sites), site preparation and working capital. Using the equations,
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table 2.1 (values corresponding to the year 2000; Use the CEl in the attached chart) and
tables 2.2 to 2.7, estimate the cost of the project.

A company ponders investing in one of two projects A and B. The capital cost of both
projects is €108, The annual cash flows are in table 1. For each project, determine:

a) The Payback Time

b) The Return on investment (ROI)

¢) The Discounted cash flow rate of return (DCFRR)

What would you conclude from the results?

Table 1
Year Cash Flow/10%€
Project A Project B
0 -1000 -1000
1 150 500
2 250 450
3 350 300
4 400 200
5 400 100
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3. One company evaluates two competing projects whose cash flow is presented in table 2. For
each project, determine:
a) The Payback Time
b) The Net Present value (NPV) with a depreciation rate of 10%.
d) The Discounted cash flow rate of return (DCFRR)
Based on the comparison of these values, what project should be chosen? Justify the decision?
Table 2
Year Cash Flow/€
Project A Project B
0 -210000 -50000
1 70000 20000
2 70000 20000
3 70000 20000
4 70000 20000
5 70000 20000
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Table 2.1 Typical equipment capacity deliversd capatal cost comelations.
Equipment Matenial of Capacity Base size Base cost Sze Cost exponent
construclion measure iy Cg (%) range M
Agitated reactors s Yolume (m¥) | .15 = I0¢ [-30 45
Pressure vesscl 55 Mass (1) f 084w I0¢ - 1] (.82
Dissillation column Cs Mass (1) 3 6,56 = 1P 8-300 (.89
(Empty shell)
Sieve trays {4 Caolumn 0.5 .56 « 1A 0540 0ol
(10 trays) diameter (m)
Yalve trays Cs Column 0.5 1.BO » 107 05-40 a7
(10 trays) diameter (m)
Structured packing 85 (low Column 05 |.BD« I0F N340 1.70
(3 m height) grade] diameter (m)
Scrubber 35 (low Yolume (m?) il 482 x 1P 0.1-20 033
{Including random grade)
packing)
Cyclone Cs Dhsmeter (m) 04 .64 » 1P 04-30 1.20
Wacuum filter s Filter area (m®) 10 K36« 107 10-25 0149
Diryer 55 tlow Evaporaticn rate T 230 = 108 TO0-3000 065
erade) iks H:0-h—Y)
Shell-and-tube hea Cs Heal transfer &0 3728« 107 BO—4000 (.58
exchanger erea {m*}
Arr-cooled heat C3 Plain tube heat 200 1.56 x 1P 2002000 .89
exchanger iransfer
nrea (m?)
Cenmfugal pump 85 (high Power (EW) 1 197 » 1P [ ] 035
i Small, including erade]
motor)
Centnfugal pump Cs Power (KW 4 084 w« 1P 4-T0 .35
iLarge, including
motor)
Compressor Power (kW) 250 084 » 10° 25010000 .46
{Including motor)
Fan C3 Power (KW 50 1.23 « 107 5020 .78
iIncluding motor)
Yacuum pump Cs Power (kW) 10 110« 107 1045 44
{Including motor)
Electric motor Power (kW) 10 148 = 1P 10150 .85
Storage tenk 55 (low Volume (m) 0.l 128 = IP 0.1-20 0.57
{ Small mmosphenc) grade)
Storage tenk [ Wolume (m) 5 L15 = 107 5-200 N33
i Large atmosphenc)
Silo Ccs Volume (m) &) .72 % 10¢ &0-130 070
Package steam boiler Cs Steam 30,000 4.64 » 1P 30,0060- 350,000 94
{Fire-tube boiler} generation
tkg-h™")
Field erected C5 Steam 20,000 328 = IF 101,000 - 200, [0 ngl
sicam boaler generation
{ Water-tube baoiler) (ke-h—Y)
Cooling tower Water flowrate 10 4.43 w 1P 10-40 063
(Forced draft) im*-h~1)

C8 = carbon stoel: 55 (low srade) = low-prade staindess steel, for example, type 304; 55 (high grade) = hish-2mde stainbess seel, for example, type 316
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Table 2.2 Typical average equipment materials of

construction capital cost factors.

Material Correction factor
fu
Carbon steel 1.0
Aluminum 1.3
Stainless stecl (low grades) 2.4
Stainless stecl (high grades) 3.4
Hastelloy C 3.6
Monel 4.1
Nickel and inconel 4.4
Titanium 5.8

Table 2.3 Typical materials of construction capital
cost factors for pressure vessels and distillation

Table 2.6 Typical equipment
temperature capital cost factors.

Design Correction
temperature factor
(°C)
0-100 1.0
300 1.6
500 A

Table 2.7 Typical factors for capital cost based on delivere

equipment costs.

columns® %,
Item Type of process
Material Correction factor Fluid Solid
fa processing processir
Carbon steel 1.0 Direct costs
Stainless steel (low grades)‘ 2.1 Equipment delivered cost 1 1
Stainless steel (high grades) 32 Equipment erection, fgp 0.4 0.5
Monel 36 Piping (installed), fpp 0.7 0.2
Inconel 39 Instrumentation & controls 0.2 0.1
Nickel 54 (installed), fivsr
Titaniom 77 Electrical (installed), frrpc 0.1 0.1
' Utilities, frrmr 0.5 0.2
Off-sites. fos 0.2 0.2
Buildings (including services), 0.2 0.3
Table 2.4 Typical materials of construction capital oy _
cost factors for shell-and-tube heat exchangers®. Site preparation, fsp 0 B
] Total capital cost of installed 34 2.7
Material Correction factor equipment
fu Indirect costs
Design, engineering and 1.0 0.8
CS shell and tubes 1.0 construction, fpec _
CS shell, aluminum tubes 1.3 Contingency (about 10% of 0.4 0.3
CS shell, monel tubes 2.1 fixed capital costs), feonr
Lt BNLLAS (ow gk b L7 Total fived capital cost 438 3.8
SS (low grade) shell and tubes 29
Working capital
Table 2.5 Typical equipment pressure Working capital (15% of total 0.7 0.6
capital cost factors. capital cost), fivc
Correction Tactor Total capital cost, [ | 5.8 4.4

Design pressure
(bar absolute)

fr

0.01
0.1
05t07
50
100

2.0
1.3
1.0
1.5
1.9




