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EQUIPMENT DESIGN AND CUSTING

e Sy Lol ey
Thicknass,

n ME& L, 512
3 380
4 5.50
6 8.25
Firebriz 4% 7.16
9 10.739
Hubber 16 4,17
1/4 4.:5
Reirsciory 2 7.50
e 10.52
Gunitz . 2 3.20
4 4,55
Chemical lead 5 1b 6.25
10 7.13
15 3.86

Procass vessel cost, § = Base cost x £, x £

Adjusiment factars:

Tray cost, shop instolled, dollars

50,000 —

30,600 ;

10,000

5000
3000 +

10 50 100

50C

Tray stack height, ft (24-in spacing)

f Pressure tactor,
Shell material Clad Solid psi £ ; ;
Required: Exponent size: 1.0
Carbon sieel  1.00 1.00 Upto 50"  1.00 Tray stack height, ft 3
Stainless 316 2.25 3.67 100 1.05 Tray diameter, ft i
tonel 3.8 634 280815 Tray spacing, in Incluced: 1
Titanium 4.23 7.89 300 '\.20 Tray type Trays las specified) |
400 1.35 Material : Supports : ‘
500 1.45 All fittings |
600  1.60 Time base: mid-1968 Shop fabrication .
700 1.80- Shop installation i
800 1.90 :
900 230 : i
1000 250 :
Tray cost, 3 = Base cost Bt Fif )
Adjustiment factors:
£ Tray type £ Tray material F,; ;
10 Grid (no dewncomer) - 0.0 Carbon stee! 0.0 ;
1.4 Plate 0.0 Stainless 1.7 ]
2:2 Sraye 0.0 Monel ‘
Trough or valve = 04
Bubble cap 1.8
) Roch Kascade 3.8 G

“If these factors ar2 used individua v. add 1.00 to the abave values.
FIGURE 4.2.4

Add-on casts of lypical vessel components. (Guthria, 1969, reproduced by permission of ;
Chemical Enginesring magazine.) y
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FOB eguipment cost, thousands of dnllars

0.7

0.5

Reguirad
Diameter, ft
Length, ft
Desic- pressure, nsig
Zhell snatenial
Fabricatior theriz. or vart)

Time base: Mid-1963

Included:
Verucal:
Shell & 2 heads
Nozzle ind manays
Skirt, b .e r.ny, and-lugs
Tray su. uorts

Exponent size:
Vertical,  0.65
Horeental, 0.60

s |
Basis of chart - ; i
Carbon stedl material Herzontai: i/ |
BRI GESIN pressure Shell and 2 heads i
Averzge noptiss and manw .. Mozzles and manv-ays ?,,
ACME zode sonstruction Saddles, 2 : . »

Srop faoricztion

FIGURE 4.2.2
Purchassd cost of o
o!f Chenncal 2ngine:

s (Guthne, 1862, reproducad by permission
1.1 : g




_ BQUIPMENT COSTS i P

31,000

Gost; Tio.b:,

N

100 120 140 160 180 200 220 240

Heat transfer surface, 12

Cost, f.0.b., 81,000

600




1,000

Cost, f.o.b., §/#2

Cost, f.o.b., $/f:2

500

[otal tilter area, 2

1,000

o
1,000 | §~>

o
"*@?ﬁ%
For chemical, metaliur, L ~
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and general industial se \"'\-..'ia ]
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Total filter area, f1?
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EOUPAEN FCOSTS

Cost, f.o.b., $/ft3
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, f.o.b., 81,000
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Capacity, 1,000 gal

Cost, f.0.b., $1,000
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Capacity, 1,000 gal




1,000

= 5
5
g 100 ' 1/
—
L T
t 4 i T |
g Centrifugal/turbine I — v
STA \/ > =
5 i ) 1]
h 141 Py
£ e e IO e e D e e B
o L+11 LA HA ™ Centrifugal/motar
c : L~ / - .
o -
[=3 - L4 ""/
E 10 — p-
&
el
L b I
— |
|
i
|
|
|
1 1 : -
10 100 1,000 10,000 100,000 2 3
.C/H factor, gpm. x psl.
Raqulired Included = = Q > A
Capacity, gpm. Pumplng unlt C/H‘ i P
Differential pressure, psl. Driver and coupling
Suctlon pressure, psig. Exponent Base plate
System temp.,'F, Average exponent 0,52

Casing materlal

Centrifngal Pump Cost, § = [Base cost x Fpy x Fulladex

Centrifugal pumps and drivers—Fig. 6
Adjantment [rctors

Operating Limits Max. value

Mazerinl Fn
Cart Jron, 1.00 Suction preasure, psig. 150 300 1,000
Bronze 1.28 System temperature, °F, 250 550 850
Cant steel 1.3z
Stainlesn 1.93 Factor F, 10 L5 1.9
Carpenter 20 2,10
Worthite 2.44
Hastelloy C 2.89
Mone| 3.23
Nickel 3.48
Titanium 8,58

Flold installation modoles

Modale 6A 6B 6C 6D 6E
5
Bars dollar magnitude, $100,000 Upto2| 204 | 41t06 | 6wB [Brol0
Equipmant [ob. cost, B 100.0 100.0. [100.0 |100.0 |100.0
FPiping 3o.2 29.8 29.6 29.5 294
Concrete 4.0 9 3.9 3.9 39
Steel - - = = =
Instruments 3.0 2.9 2.9 2.9 2.9
Electrical 3L.o 30.3 30.3 30.3 30.2
lozulation 2.5 2.3 2.3 2.4 2.4
Pajar 0.8 0.8 0.8 0.8 0.8
Fleld matotinls, m 7k 70.4 70.0 69.8 69.6
Ditact materlal, E 4 my M 17L.5 170.4 170.0 | 169.8 | 169.d
Material erection 60.0 39.2 39.0 38.6 58.5
Equipment setting 9.7 9.2 8.9 8.7 8.6
Dizect fleld labor, L 69.7 68.4 61.9 67.3 67.1
Direct M & L cost 2412 | 238.8 | 237.9 |237.1 | 2367
Freighe, Insurance, taxes 8.0 8.0 8.0 8.0 . 8.0
‘Iudirect coat 89.2 | 8L2 | 78.5 | 78.2 | 757
Bare moduie cosl 3384 | 328.0 |324.4 | 3233 | 3204
L/ iatlon 0.41 0.40 0.40 0.40 0.40
Material factor, E + m 5 1.72 170 1.70 170 1.69
Direct cost factor, K & L 2.41 2.39 2.38 2.37 2,36
Indjzect factar 0.37 0.34 0.33 0.33 0.32
Module factor (norm) 3.38 3.28 3.24 3.23 3.20

Nole: All data are baged on 100 far equipment, E.
Dollar magnitudes re based on carbon ateel.

92




10 o e
B 1]
50
g ! gl
7 P
w e 4 i
/ b
e / -
8 1 o
E 10—r anw Tt H
ol I 7 Pl BEE)
% ~A Pl 1]
. b i i
.g 5 7 / J/ P
i il
=3 o 3
e
1
100 300 500 1,000 3,000 10,000
Surlace aren (calculated), sq, ft, s
Required ok
Surface area, sq, ft,
Daslgn type
Tube, shell materlal Exponent
Deslgn pressurs Size component 0.65
Doslgn temperature
Included
Baslg of chart Camplete fabrlcation
Floating head
Carbon steei construcijon
Deslgn pressure, 150 psl,

Exchanger Coal, § m (Drse cont(Fy g ly)x Fpl ladex

Fleld inslallation modalos
e A enedilos oo
Hodals A In IC in IE
S R S - =
Dase doliay magallude, f100,000 Upto2| 2104 | 4 06| 6ol |Byo10
e i e e Seni
E‘Z\Upmhl iob, coal, § 100.0 100.0 100.0 100.0 100.0
Plplag SR T T BT s
Concrete ol § 3.0 j.0 3.0 3.0
Steel . L | 3.0 3.0 10 3.0
Initrumeas 10.2 10.1 10.0 2.9 9.8
Eleculeal 1.0 2.0 2.0 1.0 1.0
& Inrulatlon 4.9 4.8 4.7 4.7 4.7
Palae U.JJ 0.3 0.3 0.3 0.3
Flol materfale, m - 784 ) 703 | 699 | 695 €9.3
Dliect malorlnl, H 4 m w M 171.4 170.3 1 169.p 169.3 169.3
Macerlal esectlon 334 4.7 34.2 b ) BR N
Equlpment settlng 1.6 6.3 3.9 3.3 52
B el SR T .} ] L
Dlioct f1sld Laber, L 61.0 61.2 60.1 39.4 39.0
Dliect M 6 L coat - - —2;4.4 2317 | 23000 |220.9 21I8.)
Frelghe, Josuance, taxaa B.0 8.0 B.0 8.0 8.0
Indlsoct cost B6.7 78.8 7550, 133 73.0
Bare modals cost 329.1 {3185 3139 3114 | 305.3
L/H talion 037 {038 (933 | o3 o
Materls] Inctor, H 4+ M 1.71 Lo 130 1.69 1.69
Direct eonr factor, M G L 1.4 .32 2.30 2.29 1.18
laditect facror 0.37 0.34 0.33 0.33 0.32
Nodule [actoe (norm) 3.9 3.8 3.14 3,12 EN
ol Lol i
Hole: All dain ace baved on 100 for equipment, 5,
Dollar megaltudes ae based on carbon srecel.
** 400
i
: —]
= 300 e o w—
E =i ol
Qa
=
g
o 200 ?
W2 1 B 10 [518) 100
Surfoce aren (calculated), sq, 11,

AdJustmezt Lotocg

Deslgn Presaure,

Deslgn Trps Ey Pal. Pp* B
Eenile, rebofleg 1.3 Upe 1350 0.00 *U thesa lnctors are
Floating bead 1.00 300 a.10 used lodivldually,
U tube 0.85 409 0 098 haefl e
Flzed tube zheer 0,50 809 0.32 Taloes,

Lo 0.g5

Bhell/Tabs Materlals, P

Swlsce Area, Cs/ s/ o oS/ s/ Cs/ Monel  cs/ TI/
5q. Fr. TS Brass Mo 55 55 Monel ssones T 1]
Upte 100 L0o 1,05 L6 134 230 200 3.20° 4.10 10.28
0 500 Loo Lig 1.7 L18 310 2.30 330 3.0 10.60
39t 1000 100 Lis 13 213 326 230 3.6 6.5 10.73
LO0® ta 5000 Loo 130 L1728l 373 3 4y gy 13.03
3000 10 10,000 100 L3z 239 332 430 73 493 1,19 16.60

Double-pipe exchanger cosle (for piocean

tequitements less than l0g 2g It Specily
double pipe unls),

AdJuslmont faclors
Mateclal: CS/CS m 1.0, C5/S5 = Ly

Preseurer up 10 gop pel. 1.00
; 900 1.1o0
100 123

Module [aclots
Fleld Installation 1.35
Module [actor (norm) L83

Slmll-a'nd—t.ube exchangers—rFig. 3
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Equipo adquirido v @tmgax% {mcitxyand@ e o
equipo fabricado y maquinaria para el pw¢m}§ |

Instalacion del equipo adguirido
_!zzwiwmen tacion ¥ controles {mxmlaﬁus}
Cafierias v tuberfas (instaladas)
Instalaciones eléctricas {eolocada)

Obras civiles {m:,liwméx} servicios)
Mejoras del torreno :
Instalaciones de mmm {mﬂnmﬂas}
Terceno {si es necesaTio aﬁqmmia}
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[ 100
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- Costo directo total de 1a gl&nm o
Costos indirectos :
Ingenieria v snpemmm

Gastos de mmmnwm ;

500
4

il 33 -

Total de costes directos e indirectos de la piaﬁm .

Honorarios del contratista (aproximadamente el

$%de los m&ta& ﬂmmms ¢ indirectos de 1a ?ianta} .
Eventuales (alrededor det 1{‘&% de los fmsws émcn =

108 ¢ inditevtos de la ;ﬁmm}

336

159

Inversiones do capital fijo
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Enwezs;ﬁp total de %3};:@2 "

{:a;ami de trabajo {ﬁmﬁeﬂm del 15% de ia mver« :..?- S
: TR

W

T

569




Economic Indicators

2009 EEEE 2008 EEEE

(1957-59 = 100) Mar.'09

Prelim.
CElIndex 522.6
Equipment 616.6
Heat exchangers & fanks 563.2
Process machinery 597.2
Pipe, valves & fittings 761.0
Process instruments 385.2
Pumps & compressors 898.0
Electrical equipment 459.6
_ Structural supports & misc . 636.1
Construction labor 325.7
Buildings 494.8
: Englneenng & superwmon 349.0

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

Feb.'09
Final
532.3
631.9
587.0
615.2
770.6
384.6
897.0
458.7
660.9
323.7
495.5
349.8

Mar.'08
Final
549.2
650.5
631.5
616.4
795.7
431.0
857.6
452.2
694.7
317.1
486.8
354.9

650
Annual Index:
2001 =394.3 600 i
2002 = 395.6 ‘
2003=402.0 | ss0 i
2004 = 444.2 11 ¢
2005-468.2 | 500 |/ fl1
2006 = 499.6 il i
2007=525.4 | 501§
2008 = 575.4 Hli

400 21 -

. J J

Starting v wﬂh the Apnl 2007 Final numbers. several of the data series for labor and compressors have been
converted fo accommeodate series IDs that were discontinued by the U.S. Bureau of Labor Statistics

CURRENT BUSINESS INDICATORS LATEST PREVIOUS YEARAGO
CPIl output index (2000 = 100) Apr'0¢ = %0.0 Mar.'0? = 89.8 Feb.'09 = 92.0 Apr.'08 = 106.7
CPlvalue of cutput, $ billions Mar'0¢ = 14115 Feb.'09 = 14302 | Jan.'0% = 14367 | Mar.'08 = 1,877.6
CPl operating rate, % Apr'09 = 65.6 | Mar'09 = 654 | Feb.'09 = 67.0 | Apr.'08 78.3
Producer prices, industrial chemicals (1982 = 100) Apr.'0? = 2183 Mar'0? = 2240 Feb.'0? = 2241 Apr.'08 = 270.7
- Industrial Production in Manufacturing (2002=100)* Apr'0? = 955 | Mor'0? = 958 [ Feb'0% =  97.9 | Apr'08 = 1117
Hourly earnings index, chemical & allied products (1992 = 100) Apr.'0? = 1455 | Mar'09 = 1455 | Feb.'09 = 1457 | Apr.'08 141.2
Productivity index, chemicals & allied products (1992=100) — Apr'09 = 1297 | Mar'09 = 1285 | Feb.'09 1282 | Apr'08 = 133.9
‘L. CPI OUTPUT INDEX (2000 = 100) CP1 OUTPUT VALUE ($ BILLIONS) CPl OPERATING RATE (%)
120 2500 85
110 2200 80 :
_-100 ¢ g i1, 1900 ! % 75 i B
i Eld 15 15 |& ¥ i |8 ¥ §
2 G 1600 | 1 ?0 | 'l
80 g igjééi 1300% f;iig %ig 65 ¢ é}{ L
70 E % E g % % - 1000 % i g % “ E § ? lﬁo ] § % §
JFMAMJJASOND JF_MAMJJASOND JFMAMJJASOND

‘Duefo dlsconhnucnce, ihe Index of Indus‘rnnl Achwty has bean replaced by the Indusirial Production in Manufacturing mdex from the U.S. Federcl Reserve Bcurd.
Curreni busnness indicators provlded by Global in5|ghi Inc., Lex:ngton Mass.

o A e ST

MARSHALL & SWIFT EQUIPMENT COST INDEX

(1926 = 100) 1st@ ahe 3rde 2nd @ 1sta
2009 2008 2008 2008 2008

M & S INDEX 1.477.7 1,487.2 1.469.5 14317 14086
Process indushies,average  1,553.2 1.561.2 1.538.2 14917 1.463.2

© Cement 71,5511 1.553.4 1,522.2 14735 1,448
Chemicals 1.523.8 1,533.7 1,511.5 14648  1,4385
Clay products 1,526.4 1.524.4 1,495.6 14535  1,429.1
Glass 1.439.8 1,448.1 1.432.4 1.385.1 1,359.7
Paint 1.554.1 1.564.2 1.543.9 1.494.8  1,467.6
Paper 1,453.3 1.462.9 1.443.1 14000  1,377.7
Petroleum products 1,663.6 1.668.9 1.644.4 15944  1,555.8
Rubber ) 1,604.6 1,575.6 1,537.5  1,512.3

Related indusiries

Electrical power 1,425.0 ].454.2 1.454.4 14128  1,380.4
Mining, milling 1,573.0 1,567.5 1,546.2 1.498.9  1,473.3
Refrigeration 1,807.3 . 1,818.1 1,793.1 17414 1,711.9

- Steam power 1,509.3 1,521.9 1.499.3 1.453.2  1,4268

T Annual Index:

2001=1,093.9 2003=1,123.6 2005=1,244.5 2007 =1,373.3
2002=1,104.2 2004=1,178.5 2006=1,302.3 2008=1,449.3

1500

1485

1470

1455

1440

1425

1410

1395

1380

1365 | |

1350
1335

1320

15t

2nd 3rd
Quarter

CURRENT
TRENDS

Airhough previous trends
suggested that the
month-over-month decline
in equipment prices might
be waning, preliminary
estimates for the April
CEPCI show that slightly
sharper declines in equip-
ment prices refurned.
Meanwhile, as expected,
the operating rate edged
up slightly in April — an
indication that the U.S.
has reached the bottom of
widespread overcapacity.
Visit www.che.com/pci
for more on capital cost
trends and methodology. M
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ESTIMACION DEL COSTO TOTAL DEL PRODUCTO

MATERIAS PRIMAS
MANO DE OBRA DE OPERACION
SUPERVISION DE OPERACION

VAPOR

ELECTRICIDAD POTENCIAY COSTOS DIRECTOS
COMBUSTIBLES SERVICIOS AUXILIARES DE PRODUCCION
REFRIGERACION

AGUA

MANTENIMIENTQ Y REPARACIONES
SUSMINSTROS PARA LAS OPERACIONES

DEPRECIACIONES
IMPUESTOS(INMUEBLES)
SEGUROS

ALQUILERES

SERVICIO MEDICO
SEGURIDAD Y PROTECCION
EMBALAJES

COMEDOR Y RECREACION
LAB. DE CONTROL
ALMACENES Y DEPOSITOS

SALARIOS DE EJECUTIVOS W

SALARIOS DE ADMINISTRATIVOS
GASTOS DE INGENIERTA
MANTENIMIENTOQ DE OFICINAS

COMUNICACIONES 3

OFICINA DE VENTAS =3

GASTOS DE VENDEDORES
EMBARQUE

PUBLICIDAD

SERVICIO TECNICO DE VTAS

INVESTIGACION Y DESARROLLO
FINANCIAMIENTO (INTERESES)
IMPUESTO A LAS UTILIDADES

GASTOS FIOS
DE PRODUCCION

GASTOS GRALES
DELAPLANTA

oo

=

GS DE ADMINISTRACION

GS DE DISTRIBUCION Y
DE MARKETING

GASTOS GENERALES

COSTOS DE FABRICACION

COSTO TOTAL DEL PRODUCTO



Economic Indicators

Download the CEPCI two weeks sooner at www.chemengonline.com/pci

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

Nov.'15

e oL Prefim.
CEIndex 5430
Equipment 6180
Heat exchangers & tanks 566.6
Process machinery 6523
Pipe, valves & fittings 8034
Process insbiumenls 366.6
Pumps & compressors 956.5
Electrical equipment 508.4
Siructural supports & misc 134
Consirietion lahor a3
Duildings 539.3
ENgIneening & supervision 8.2

Oct.'15
Final
5472
651.0
575.4
655.0
808.6

Al

Nov."14
Final
5784
7025
649.3
662.9
8754
4117
9429
5162
699
224
5469
3204

Startingwit the April 2007 Final numbers, several oTthe dataseries Tor labor and compressors nade been converted o

accommodate series Ds that were discontinued by the U.S. Bureauof Lador Statistics

2013 mmwm 2014 mm 2015 s

Annual Index:
2007 = 5254
2008 = 5754
2009 - 521.9
2010 =550.8
2011 =5857
2012 =5B46
2013 =5R7.3
2014 = 5761

600
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525

500
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