Appendix A Cost Equations and Curves for the CAPCOST Program

The purpose of this appendix is to present the equations and figures that describe the relationships used in
the capital equipment-costing program CAPCOST introduced in Chapter 7 and used throughout the text.
The program is based on the module factor approach to costing that was originally introduced by Guthrie
[1, 2] and modified by Ulrich [3].

A.1 Purchased Equipment Costs

All the data for the purchased cost of equipment for the second edition of this book were obtained from a
survey of equipment manufacturers during the period May to September of 2001, so an average value of
the CEPCI of 397 over this period should be used when accounting for inflation.

Additional process equipment has been added to the third edition and is listed below:
« Conveyors
» Crystallizers
* Dryers
 Dust Collectors
« Filters
« Mixers
» Reactors
* Screens

The purchased costs for these types of equipment were obtained in 2003 but the costs given here have
been normalized to 2001. For this new equipment, bare module factors were not available, nor were
pressure factors or materials of construction factors. In general, these units are generally bought as a
package, and installation in the plant is not expensive. The bare module factors for these units are taken to
be the field installation factors given by Guthrie [1, 2].

Data for the purchased cost of the equipment, at ambient operating pressure and using carbon steel
C‘J

construction, ~#*, were fitted to the following equation:

(A.1)
Iﬂghlc}: = K, + K, ]':-'glﬂ{-”” + Kﬁ“”é—'ﬂn[ﬁ]]z

where A is the capacity or size parameter for the equipment. The data for K;, K,, and K3, along with the

maximum and minimum values used in the correlation, are given in Table A.1. These data are also
presented in the form of graphs in Figures A.1-A.17. It should be noted that in these figures, the data are

plotted as Co/A as a function of size attribute, A. This form of the graph clearly illustrates the decreasing



cost per unit of capacity as the size of the equipment increases.

Table A.1 Equipment Cost Data to Be Used with Equation A.1

Equipment Type Equipment Description K, K, K, Capacity, Units Min Size Max Size
Bleriders Eneader S0141 4133 032 Velume, m? [IRE} 3
Ribbun 4056 0498 0007 Volume, m® or 1
Rastary 41568 04928 00 Velume, m’ 07 11
Centrifuges Auto hatch separator 4.7h81 —.0260 0020 Drameter, mo (1] 1.7
Cemtrifugal separator 43612 -1.12% LMY Diamdier, m s 1
Oseillating scrven 4H6N 06660 0143 Deamicler, mo 05 1.1
Solid bow] w/o motor Ehun IR 0003E  Dramcter, m (L) 2
Compressons Centrifugal, axial, 22847 L3M  —00027  Fluid power, kW 450 300
and peciprocating
Rastary 50355 - 1AM (A25Y  Tluid power, kKW 1% G50
Conveyors Apron 39255 04961 01506 Aned, v 10 15
Bt 40637 07416 01550 Anca, m’ ns k]
Prcumatic 464616 -0ATY0 00638 Anea, i’ (.75 L]
Serew Iade2  -073 182 Ares, m’ 05 a0
Crystallizers Hateh 4HRF DB 0IH4  Volume, m’ L5 30
Drives Gas turbine =ILTA2 1321TE -152% Shaft power. kW 7500 23,000
Inbern comb. engine 27635 08574 —0uNE  Shaft power, KW e 10,000
Steam furbine 16259 143%8 -6 Shafi power, KW il THO
Electric—explosion-proof T4 14191 —1Psi  Shalt powaer, KW e 26400
Flctric—totally enclosed 15860 17142 -M2282  Shaft power, KW = 2600
Electric—open / drip-prood 2O5E 10688 -0L1315  Shaft power, KW 2600
Chryers Trruem 45472 -0T269 OIH0 Area, s 5
Rastary, gas fined A8e45 01118 00777 A, oo
Tray 3651 04558 -IME Anea, m’ I8 n
Equipment Type Equipment Deseription K, K, K, Capacity, Units Min Size Max Size
Daest Collecbors Baghaaese 45007 05518 00813 Volumwe, m' 0,0 350
Cyelone scrubbers IEXE 049U 0L Volume, m' 1, 20
Electrostatic precipitator FAME  -0450] I Valume, m? 0.0 200
Ventur scrubber AR 04500 I Volume, m? 0,04 2
Evaporators Foroed circulation (pumped) 0138 D75 0703 Amam’ 5 (L)1
Falling film 3811y 0867  -0MHE  Arca,m’ 50 500
Agritabed film {scraped wall) 5.0 01490 -0.00M Aream® (153 5
Shorl tubwe 52%6  -06572 0350 Area, m’ 1] o0
Long tuls 46420 0365 025 Arca, m’ 100 1000
Fans Contrifugal radial A5MW1 -D353 04477 Gas flowrate, m /s 1 Ty
Backward curve auT 00T 0300 Gas flowrate, m /s 1 100
Axlal vani 31Tal =057 13414 G flowrabe, m' /s 1 100
Axial tube JH =03373 04722 Gas flowrate, m'fs 1 145
Filters Bent 51055  -0500 00001 Area, m? 0% 115
Cartridyge A7 02003 0002Y  Area, m? 15 20
s amad drum 48123 =.7142 00420 Area, m’ 09 M
Limavity 42756 S LR ] 00714 Area, m s 1]
Lead IHEF 03705 07 Arca, m* [ b
Pan 48123 ={1.7142 00420 Amsa, m® 09 3
Plate and fram: 432756 (6480 10714 Area, m’ 0s B
Table 55T -0.5001 0001 Arca, m’ (L] 113
Tube 51055 05001 00001 Arca, m® (0] 115
Fumaces Reefusrrmer furmace 20680 65T 00194 Duty, kW 00 100, D)
Pyrodysls furmace 23859 09721 -00206  Dualy, kW E LY 1 CHIHOC)H
Nonreactive Hred heater FHEE —Ll666 0228 Duty, kW 10m) 100000

feirabdned)




Equipment Type Equipment Description K, K, K, Capacity, Units Min Size Max Skze
Heat exchangers Scraped wall 17803 [EE 0.0HY  Area, m® 2 .
Tedbian tube 38062 08924  ~01671  Area,m’ 1 i
Bayonet 2TeR — 105 01431 Area, m’ in {1
Floating head 4HM6  —0A5m 03167 Ara, m? 1] 1000
Fased tube 4347 ~023030 01634 Arca, m? 10 {0 kal
Ll-funtse 41584 ~{1.2505 L1970 Area,m’ [1] [{Lin]
Kaetthe reboiler 446t =05277 03955 Amea,m? {1} 10
Doubsle pipe A% 02MF =0T Anaam’ 1 1]
Multiple pipe 17652 09262 QO7EF Arca,m 10 100
Flat plate A BESH (1. ¥557 1547 Arca, m? 10 T
Spiral plate 46861 02947 02207 Anea,m’ | oy
Air comalier 40336 n23a1 97 Anma,m’ [i] HIEY. 1
Spiral ke L [LEL S 2130 Ama,m’ 1 1)
Heaters Diphenvl heater 22626 [EECL 00003 Daty, kW 650 10750
Blolten salt haater 1197 14782 00958 [huty, KW L] 107}
Hist water heater 20829 naFd 00243 Dty kKW L) 1075
St boller a9617  —14800 3161 Dby, kW 1200 G0
Mixers Impeller 38511 02w 00003 Power, KW 5 150
Propofler 4307 D86l 16 Power, kKW 5 S0
Turbine 342 0510 MWD Power, KW 5 150
Packing Lawma (foe bonweers) 24453 049744 00055 Volume, m' .03 [l
Provess vissels IHorizontal 35565 03T 0005 Volume, m’ [183 [0}
Vartical 3497 DA485 I Volume, m' [k} 5X)
Pumps Reclprocating 3866 03161 01220 Shaft pawer, kKW il 00
Prasitive :]i:tphwmml. 3477 0,135 01438 Shall pimwer, KW 1 1y
l'.'-:-nlrifu&a! 33882 SN L1538  Shait e, kW 1 X}

Tevubuned)

Equipment Type Equipment Description K, K, K, Capacity, Units Min Shze Max Sire
Riactors Autoclave 45587 7014 00020 Volume, m' 1 15
Fermonler L5 =046 00005 Volume, m' LI B o
Inaculum tank 37057 0507 DO Volume, m’ o.a7 1
Tkt ajgitated 41052 04680 -00005  Volume, m 0.1 B
lacketed nonagitated 3ME6 02T 0025 Volume, m' 5 45
Mixer/setiler 47116 05521 00004 Volume, m’ o B
Screens [BHY 18050 04144 02120 Area,m’ 03 ]
Rotiry 40485 8RR 03260 Ama, m’ 03 15
Stationary 3HIY 00368 06050 Asea,m’ 2 8]
Vibrating 4485 -DESH2 03260 Area, m’ 03 15
Towers Tray and packed 3497 DA4ES 007 Volume, m? 03 1]
Tanks API—fixed mool 45509  ={13973 L1445  Volume m' W 3000
AP Hoating root SUSET =(.73H3 1749 Valume m’ (] HO000
Trays Sl 2R 04465 031 Arnea, m? lirg 123
Valve 33322 MARIS MM Ara,m? 0. 10503
Dhemmisbirs 32353 n4818 MM Ara,m’ 0.7 1050
Turbines Axial gas turbines 27051 14598 L1776 Fluid power, kW 100 AT
Radial gas/ligquid expanders 22476 1 ARG3 L1618 Fluid power, BW o 1300
"anmi:'qlr\ Inrqcmala;nl'lb..'jm;tm 40000 434 L1700 Violurwe, m’ | 10
Jawketd vessels 3875 03328 0% Volumse, m® 1 1

Figure A.1 Purchased Costs for Compressors and Drives (Cost Data for Compressors and Drives Taken
from R-Books Software by Richardson Engineering Services, Inc. [4])
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Figure A.2 Purchased Costs for Evaporators and Vaporizers
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Figure A.3 Purchased Costs for Fans, Pumps, and Power Recovery Equipment (Cost Data for Fans Taken
from R-Books Software by Richardson Engineering services [4])
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Figure A.4 Purchased Costs for Fired Heaters and Furnaces
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Figure A.5 Purchased Costs for Heat Exchangers
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Figure A.6 Purchased Costs for Packing, Trays, and Demisters
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Figure A.7 Purchased Costs of Storage Tank and Process Vessels. (Data for Storage Tanks Taken from
R-Books Software by Richardson Engineering Services [4])
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Figure A.8 Purchased Costs for Blenders
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Figure A.9 Purchased Costs of Centrifuges
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Figure A.10 Purchased Costs for Conveyors
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Figure A.11 Purchased Costs for Crystallizers
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Figure A.12 Purchased Costs for Dryers
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Figure A.13 Purchased Costs of Dust Collectors
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Figure A.14 Purchased Costs of Filters
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Figure A.15 Purchased Costs of Mixers
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Figure A.16 Purchased Costs of Reactors
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Figure A.17 Purchased Costs of Screens
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Data from the R-Books software marketed by Richardson Engineering Services, Inc. [4], were used as a
basis for several of the graphs and correlations; acknowledgment is given in the appropriate figures.

A.2 Pressure Factors

As was pointed out in Chapter 7, the costs of equipment increase with increasing operating pressure. In
this section, the method of accounting for changes in operating pressure through the use of pressure factors
is covered.

A.2.1 Pressure Factors for Process Vessels

The pressure factor for horizontal and vertical process (pressurized) vessels of diameter D meters and
operating at a pressure of P barg is based on the ASME code for pressure vessel design [5]. At base
material conditions using a maximum allowable stress for carbon steel, S, of 944 bar, a weld efficiency,
E, of 0.9, a minimum allowable vessel thickness of 0.0063 m (1/4 inch), and a corrosion allowance, CA,
of 0.00315 m (1/8 inch) gives the following expression:

(A.2)
(P + 1)D
+ 0.00315
; _ 2[850-06(P + 1)] PO
P vessel 0.0063 pitsel A

If Fp yesser 1S less than 1 (corresponding to t,,50; < 0.0063 m), then Fp |,c.; = 1. For pressures less than —



0.5 barg, Fp es5e; =1.25. It should be noted that Equation (A.2) is strictly true for the case when the

thickness of the vessel wall is less than Y4 D; for vessels in the range D = 0.3 to 4.0 m, this occurs at
pressures of approximately 320 barg,

A.2.2 Pressure Factors for Other Process Equipment

The pressure factors, Fp, for the remaining process equipment are given by the following general form:

(A.3)
log,, Fp = C; + G,logy, P + C;(logy, P)?

The units of pressure, P, are bar gauge or barg (1 bar = 0.0 barg) unless stated otherwise. The pressure
factors are always greater than unity. The values of constants in Equation (A.3) for different equipment
are given in Table A.2, and also shown are the ranges of pressures over which the correlations are valid.
The values for the constants given in Table A.2 were regressed from data in Guthrie [1, 2] and Ulrich [3].
Extrapolation outside this range of pressures should be done with extreme caution. Some equipment does
not have pressure ratings and therefore has values of C;—C; equal to zero. If cost estimates are required

for these units at high pressures and the equipment cost is affected by pressure, then the correlations
should again be used with caution.

Table A.2 Pressure Factors for Process Equipment (Correlated from Data in Guthrie [1, 2], and
Ulrich [3])

Equipment Type Equripment Description L, G C; Pressure Range (barg)
Cnmiparissors Centrifugal, axin r.|':r:._.:lnl|-.~'.;'-r--|.|li'_,'_ 1] i
Drives Cans purbing ] i i
Interm. comb, cnginge o i L]
Steam turbing ] i 1]
Electric—cxoplosion-proof ] ] i
Electric—totally emiclosed ] i i
Electrige—gpen /drip=proof ] [ o
Evaporabors Foroed circulation (pumped), falling film ] a i r=10
agitaled film [scraped walll, shoei tube, .15 -], 2452 L1413 10==P<]1H
ard long tube
Fams® Centrifugal radial, and centrifugal backwand curve ] a AP 1kl
] 0.2 =00328 1=AP=<16ka
Axial vane and axial tube ] i o AP<]kI'a
] 02089 00328 1=AP<=dkl"a
Fumaces Kiformer furmace ] i} ) 10
ol 0. 3658 1 | e
Pyrolysis furmnecy o il 1] F=10
mimz 01957 (10 10T
Mommeactive fined heater ] a 4 r=10
L1M7 01,2358 1 TP
Heat exchangers Seraped wall ] (1] i <40
a7 4] 200 1
L1467 12.657: (Xitey I 1

Tieflo Euiby ] il 0




Equipment Type Equipment Description C, g, [ Pressure Range (barg)
Hayvonet, fiked hibe shevt, Boating head, ketthe i il 4] M5
rebotler, and U-tube (soth shell and tubse) DGsENE]  =0,§1372 [{RRLYE ] S 2 140
“.I:h.'llIIL'I. fixeed tubwe sheet, Boating head, ketthe o il 4] P<=5
rebotler, and U-tube {hube only) 0164 000627 00123 S< 140
Duoubdis pipe and multiple pipe 1] a il <40
LAOT2 .91 03327 Al P 1M
13,1487 12.6574 30705 0= P 300
Flat plate and spiral plate 0 o 4] P18
Air comder ] a il =10
(.1250 (L5361 (L02561 10<PF<1H
Spiral tube (both shell and i) ] u Ll P150
={L4H5 01854 1 150==P=400
Spiral tube tube only] o ] i ez 150
25 LREF1T i 5= P == 40N
Heaters I.|'.pi1|.'|1:.'l heater, myolten salt heater, and hod o i L] P2
water heator Q01633 005875 - 0U0ETR 2=
Steam baoiler i a 0 P
250072 —4.2UW70 1722404 H=Pad
Packing Lammse [for o=} 0 0 [}
Priwess vessels Hurizontal and viertical |
Pumps Reciprocating n il 0 P10
AT 0259016 —0001363 T P 104
Positivie displacemeni ] il i I==10
—{(245342 0259016 -0.01363 1=<PF<100
Centrifugal o (0] 1] =10
—11.3535 (.3957 — 022G 1=P=<100
{ramhimand])

Equipment Type Equipment Description G G [ Fressure Range (barg)
Tonwers Tray nmd 1'-.||"‘n:mi '
Tanks AP =Ffixed rond ] il 0 P07

.-'|.'F'|—|-||l.|1ill?: riwi i il 0 P07
Trays Sieve a a il

Valve ] 1] i

Demishers ] ] i -
lurhines Axial gas wrbines ] ] 1

Kadial gas/liquid expanders o il 0 =
Waporizers Intermal ooils £ jackets and jacket vessels ] ] 0 I'=5

= 16742 L1228 0L15058 S 30

"Pevmawre factors fisr [ars are writben (0 bevmms of the prossin rise acrms e Lan, AP, where 3 is iseasamd in kP

Sow Equation {4.2)

A.3 Material Factors and Bare Module Factors

As was pointed out in Chapter 7, the costs of equipment change with changes in the material of
construction. In this section, the method of accounting for different materials of construction is covered.

A.3.1 Bare Module and Material Factors for Heat Exchangers, Process Vessels, and Pumps

The material factors, F,;, for heat exchangers, process vessels, and pumps are given in Figure A.18, with

the appropriate identification number listed in Table A.3. The bare module factors for this equipment are
given by the following equation:

(A.4)

Com = CoFpy = CJ(By + ByFyFp)



Figure A.18 Material Factors for Equipment in Table A.3 (Averaged Data from References [
and 8])

|
Ma

-
—

L

Material Factor, F,,
%] 4% ) -4 o N | 4] L] L

-
+ s T i
! -
L | v W :
¥ * = 3 &
1 L] . * : - H ;'"' - L ]
0 i i e ESSESEESSEEEE i =
o} 10 20 30 40

Identification Number from Table A3

Table A.3 Identification Numbers for Material Factors for Heat Exchangers, Process Vessels, and
Pumps to Be Used with Figure A.18

Identification Number Equipment Type Equipment Description Material of Construction
| Heat exchanger Drouble pipe, multiple pipe, CH-shell fCS-tube
2 e tube shoet, Noating head, CS-shell f Cu-tube
3 U-tuibset, bayririned, kettle reboaller, scraped Cu-slwll fC u-tnabse
4 weall, anad sgriral fulbse sl 55-tulwe
5 S5enhell /55 tube
f CS-shelly N alloy tube
7 Wi allioy, shiell /W1 allery -t
B CSeshell/ Ti-tube
v Ti=shell/ Ti-tube
10 Adr coaler 5 ube
11 Adr conler Al tube
12 Adr cooler S5 tube
13 Flar plate and spiral plate 5 (i contact with fluid)y
] Flar plate and spiral plate Cu [im contnct with fluid)
15 Flat plate and spiral plake 55 {in comiact with fukd)
4 Flat plate and spiral plate Wi alloy (i contact with Mudd)
7 Flnn plate anad spiral plate Ti (i comtact seith fuic)
18 Proscess vessels Horizondal, vertical (incheding towers) L]
L] Hurizontal, vertlcal [Including towers) 55 clad
a0 Horizoaal, vertical [Including towers) 55
K Horizondal, vertical (including towers) i alloy chad
2 Harizontal, vertical [including wowers) M alloy
2 Horzontal, vertical [including towers) Ticlad
H Huorizontal, vertical [including towers] Ti



Identification Humber Equipment Type Equipment Description Material of Construction
i Pumps Keciprocating Last iron
26 REeiprocating L arbon stoel
.y Keciprocating L alboy
a8 Beciprocating o
.l Reciprocating i alloy
Wl R Iprocating Ti
11 Positive disslacermient et e
2 Posibivie disslacement Carbomn steel
%] Porsdive |I|'1_‘\|.l-|'.-'l'|‘u n O alhiny
X ) Porsitive chisgilacerment e
15 Positive displacement M alliny
E*) Positive o isglacement Ti
37 Contrifiega Cast iron
EL] Canirifuga Larboe st
] Contrifuga i
4 Coentrifuga i alloy

The values of the constants B; and B, are given in Table A.4. The bare module cost for ambient pressure

and carbon steel construction, Cium, and the bare module factor for the equipment at these conditions, F'sum,
are found by setting F; and Fp equal to unity. The data given in Tables A.3 and A.4 and Figure A.18 are
average values from the following references: Guthrie [1, 2], Ulrich [3], Navarrete [6], Perry et al. [7],
and Peters and Timmerhaus [8].

Table A.4 Constants for Bare Module Factor to Be Used in Equation A.4 (Correlated from Data in
Guthrie [1, 2] and Ulrich [3])

Equipment Type Equipment Description B, a,

Heat exchangers Double pipe, multiple pipe, scraped wall, and spiral tube 1.74 1.55
Fixed tube sheet, floating head, U-tube, bayonet, kettle 1.63 1.66
reboiler, and Teflon tube
Air cooler, spiral plate, and flat plate 0.96 1.21

Process vessels Horizontal 1.49 1.52
Vertical (including towers) 225 1.82

Pumps Reciprocating 1.89 1.35
Positive displacement 1.89 1.25
Centrifugal 1.89 1.35

A.3.2 Bare Module and Material Factors for the Remaining Process Equipment

For the remaining equipment, the bare module costs are related to the material and pressure factors by
equations different from Equation (A.4). The form of these equations is given in Table A.5. The bare
module factors that correspond to the equations inTable A.5 are given inFigure A.19 using the
identification numbers listed in Table A.6. Again, the data used to construct Figure A.19 are compiled
from average values taken from Guthrie [1, 2], Ulrich [3], Navarrete [6], Perry et al. [7], and Peters and
Timmerhaus [8]. In addition, bare module factors for the equipment added to the third edition of the book
(conveyors, crystallizers, dryers, dust collectors, filters, mixers, reactors, and screens) are given
separately in Table A.7.

Table A.5 Equations for Bare Module Cost for Equipment Not Covered by Tables A.3 and A.4




Equipment Type Equation for Bare Module Cost

Compressors and blowers without drives Com = CoFpy
Drrives for compressors and blowers Copr = CoFay
Evaporators and vaporizers Cas = CoFauiFe
Fans with electric drives Cam = CrF e
Fired heaters and furnaces Cope = CpFpuFpFy

F is the superheat correction factor for steam
boilers (F; = 1 for other heaters and furnaces)
and is given by

Fr =1 + 0.00134AT — 0.00000335(AT)*
where AT is the amount of superheat in °C.

Power recovery equipment Cone = CoFan
Sieve trays, valve trays, and Cpy = CoNFpF,
demister pads Where N is the number of trays and F is a

quantity factor for trays only given by

logy, F, = 04771 + 0.08516log,, N -
0.3473 (log,, NY* for N<20

F,=1for N=20
Tower packing Con = ChFay

Figure A.19 Bare Module Factors for Equipment in Table A.6 (Average Data from References [1, 2, 3, 6,
7, and 8])

Bare Module Factor, F_,,
Liv]

e NI
M

1
B IR e R R I

o FHEEE SR
0 10 20 30 40 50 Lale) 7O
Identification Number from Table A6

Table A.6 Identification of Material Factors for Equipment Listed in Table A.5 to Be Used with
Figure A.19



Identification Number Equipment Type Equipment Deserlption Material of Construction
1 Compressors/ blowers Centrifugal compressor or blower Cs
2 Centrifugal compressor or blower 55
3 Centrifugal compressor or blower Ni alloy
i Axial compressor or blower Cs
5 Axial compressor or blower 55
" Axdal compressor or blower Niallisy
7 Rutary compressor or blower s
B Rotary compressor or blower 55
] Eotary comipressor or blower Mialloy
1 Reviprocating compressor or blower [
1 Reciprocating compressor or blower 55
1z Reciprocating compreasor or Blower Ni alloy
13 Dirives for compressors and blowers  Electric—explostomproot —
14 Electric—totally enclosed —_
15 Electric—open /dripproof —
1A Gas turbire —
17 Steam turkvine —_
18 Internal combustion engine —_
m Evaporators and vaporizer Evaporatis—forced cire, short or long s
tube
m Evaporator—forced cire, short or long tubse Cu allow
Fil Evaporatoe—forced cire, shortor long e 55
2 Evapartoe—torced dire, short or long tulse Ni alloy
i Evaporator—borced cire, short or long tubse Ti
et Evaporator—falling fAlm, scraped-wall 5
Identification Number Equipment Type Equipment Deseription Material of Construction
= Evaporator—Falling film, scraped-wall Cualloy
. Fvaporator—falling film, scraped-wall 55
ko) Evaporator—falling film, scraped-wall i alloy
kL] Evapomior—Ffalling film, scraped-wall Ti
bl Vaporizer—jacketed vessel L.}
M Vaporizor—jackelod vessel Cu
k3 Vaporizer—jackoted vessel Class lined /55 coils
32 Vaporizer—jacketed vessel Class limed /M coils
33 Vaporizer—jackoted vessol 55
M Vaporiser—jackited vessel S5 clad
A5 Vaporizer—jackited vessel Mi alloy
k" Vaporizer—jnckicted vessel Wi Ty clad
7 Vaporizer—jacketed vessel Ti
kL Vaporizer—jackeied vessel Ticlad
k) Vaporizer—ackoted vessel = intemal ool s
a0 Vaporizer—jackoted vessel « internal ool Cu
11 Vaporizer—jackoted vessel « internal ooil Glass lined /55 coils
42 Vaporizer—jacketed vessel + internal onil Glass lined /N coals
43 Vaporizer—jacketed vessel = internal ool 55
H Vaporissr—acketed vissel = internal onil S5 clad
45 Vaporizer—jacketed vessel = internal onil Ni alliy
46 Vaporizer—(acketed vissel + internal onil Nially clad
47 Vaporizr—jackited vissed + internal call Ti
4 Vaporizer—jackieted vessel + internal onil Ticlad
L Fans Fam with electric drive L)




Identification Humber Equipment Type Equipment Description Material of Construction

il Fam with electric drive Fiberglass
51 Fam with electric drive 55
52 Fam with electric drive Mi |'|||i'|_l{'
Gt} Fired heaters and furmaces Tubse for fnmaces and nonmeactive process s
heater
54 Tubse fior furmaces and nonneactive process Allay steel
hiater
55 Tusbs= fovr Tprmasces and moanmeAcTive process s
heater

Thermal fluid heater—hot water, maolien —
walt, o diplwll}'l basisd odl

5 Paonwier TECOWETY |';|_'||i|'-|'||l'r|! Turbine= s

&) Turkines 55

) Turbines Ni allimy

i ]'r.:.:.-".:«. and demisier pm.‘l._\ Sigve and r.:!i'ﬂr.'l.:.'n [

6l Sieve and valve trays 5

m2 Sievie and valve rays Mi |'|".!|‘||'

i) Demister pad 55

i Dhemiister pad Flusrocarbon
i Demister pad Miallavy

[ Tower packing Packing Mistal {30455)
a7 Packing Palyvethylene
68 Facking Ceramic

Figure A.7 Bare Module Factors for Conveyors, Crystallizers, Dryers, Dust Collectors, Filters, Mixers,
Reactors, and Screens



Equipment Type Equipment Description Bare Module Factor, FEM
Blenders Kneader 112
Ribbon 1.12*
Rotary 1.12
Centrifuges Auto batch separator 1.57*
Centrifugal separator 1.57
Oscillating screen 1.57
Solid bowl w/o motor 1.27
Conveyors Apron 1.20
Belt 1.25
Pneumatic 1.25*
Screw 1.10
Crystallizers Batch 160
Dryers Drum 160
Rotary, gas fired 1.25
Tray 1.25
Dust Collectors Baghouse 286"
Cyclone scrubbers 2.56"
Electrostatic precipitator ~ 2.86%
Venturi scrubber 2 56"
Filters Bent 165"
Cartridge 1.65*
Disc and drum 1.65%
Gravity 1.65*
Leaf 165
Pan 1.65*
Plate and frame 1.50
Table 1.65"
Tube 1.65*
Mixers Impeller 1.38*
Propeller [.38
Turbine 1.38
Reactors Autoclave 4.0¢
Fermenter 4.0¢
Inoculum tank 4.0°
Jacketed agitated 4.0¢
Jacketed nonagitated 4.0¢
Mixer /settler 4.0°
Screens [sM 1.34%
Rotary 1.34*
Stationary 1.34*
Vibrating 1.34
When possible, bare module factors are taken to be equal to the Field Installation Factors from Guthrie [2].
Items marked * are estimates,
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