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Abstract

This study is to estimate the cost of constructing Korea chemical process plant at predesign stage.
This study deduced a theoretical equation which can afford to modify quantitatively the chan-
geable relation of the construction cost, resulting from the substitution of all foreign equipments
for the domestic ones, by means of setting the new concepts-domestic factor(Rg, Ry, Ri), the
diffenence-value factor(ag, am, ar) and considering the mutual relation between these two
factors. The theoretical equation provided the estimation model for the cost of constructing
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Korea chemical process plant, based upon [factor system|. Analyzing the precendents in inves-
tigating the real cost spent for constructing the domestic chemical plants, which was carried
out to find out the validity of this model, showed a good result error range of 3.33% comparing
with the overall factor in real construction cost.
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Table 1. Summary Sheet of Construction Cost by Factor System

1. Locally-made Equip.-:--r-eeeeeceenen E: Equipment Cost (E)
Imported Equip. seceseeereerearianienea. E;
Er
2. Locally-made Mat’l, -sereeeesrercancas M, Mat’l Cost (M)
Imported Mat’]. so-ceeerecrenceaceaanan M;
Mz
3. Direct Material Cost
Er+Mr
4. Direct Labor Costes-reerereervereacsaneas L Labor Cost (L)
5. D.C. Er+Mr+L
6. 1.C. (%) of D.C. Indirect Cost (I)
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< ohgs e e ] Jekd + Uk T D AAZA ) AR v) xFH =) 49
) FRAAN Q4E AR FA Ax@AUAY)Y FEAEL wlzd s}
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Table 2. Comparison of Imported Equipment Cost and Locally-Made Equipment Cost

Imported equip.

Item year cost (E;) Iég;:? I%y-lr)nade cane- az=E/E:
Water cooled condenser 1973~1974 61, 300, 000 49, 500, 000 0.81
Reformer tube(105) ” 133, 800, 000 89, 700, 000 0.67
Tower(5) 1974 86, 800, 000 39, 200, 000 0. 46
Heat exchanger(10) 7 110, 000, 000 62, 300, 000 0.57
Vessel(17) ” 98, 000, 000 57, 000, 000 0.59

Data; KIChE. 14. 4, Aug(1979), p.255
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Fig. 1. Effects of Domestic Factor and Diffe-
rence-Value-Factor for Total Equipment
Cost
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Step 2:
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3) (TEC)gp ++---+ Total Equipment Cost
(Imported)
Step 3:
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o Re=TE0.
Step 4:
5) Fa=RpFa+(1—Re)Fa;
Step 5:

6) Delivered Equipment Cost:
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et +2 4 @Y FuHz 2y
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2,345111314151621272829) 47]‘:"]}_‘};?%3]43} E}-t}'%‘g’ .h%
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Woz uAiicl ¥ Qe ZRAE ot 22 g}
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o BAQgelR fey T AT of &3t FRret.

Table 3. Summary Sheet of Model

1. Z3x| FUBI(TEC)2| & QEEC = 2196 o)A T3e).
2. ZEMES| BMolpe MY
. FAKE} Q195 Re, Rw, Ru
v. A4z A4 ag am, ai, Pr
3. Zapgolfe] MF---Factor System 02 2% 959 F4aals A4
4. ZAEtgol uE Qo By
1. AR T8 QG (Frider)
A 7<) v 415=(Fe, ros)
. 2N Qg (Fu)
xFA A (FL)
. A8 A F{y)
5. BRAUF(Fovera) 2l BH
Foveran=1r(Fg,aett+ Fy+ FL)
6. B/L7|E & Z4H] AHM
Iy=Foveran(TEC)
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Fooeran=Is(Fg,da+Fu+FL)
(7) B/L 71E & AAH L) A4
B/L9l & 744+ (D3] QEEC==z 3
ol A ol & & A= 74w (TEC at FOB)dl| &2
A (Foveran) ] Fo2 T3keh.
Iy=F veran[TEC] (34)
ol 4 A Eq AL T3 Table 34 FH=
gl e}

(33)
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'
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s
X,
o?.i
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Asde

2 v

4-2 A2EM Ht

e 94 seEAe A4 A2E F4 A
2l 8l dloll =
D #%8 424L slskl SAsA
B/L(Battery Limit)ed] Z3§talgch.

Iz (o]
SRS

4-1 ZAF B}EtEEel M W 7 2) Equipment &= FEi(8] 5491 A2)e} Ei(3
L ATl AL A 248 AT AATEE AR TR Heage
Table 4. Process Plants Analysis for Case Study
Seq. no Product !Capacity(MT/yr)lTIC(Base;B/L*)‘ Unit ’%l?‘sgiﬂi} Plant Type! Time
Plant 1 | SBR 25, 000 13, 023, 768 $ s * F.S.* 71.12-73.4
Plant 2 | Alkyl Benzene 13, 000 1,419,671,648 | W C F.S. 71. 4-73.2
Plant 3 | Caprolactum & 33,000 13, 824, 065, 000 | W C F.S. 72. 9-74.2
Fv B 142, 000 .
Plant 4 | Acrylonitrile 50, 000 29,378,000 & C F.S. 76~78
Monomer
Plant 5 | Fertilizer Complex 365,789,000 | $ C F.S. 73.10-77. 2
Urea 330, 000
Ammonia 600, 000
H,S0, 693, 000
H,PO, 210, 000
HNO; 93, 000
z qk 15, 000
Plant 6 | Polypropylene 30, 000 1,590,000 | $ C F.S. 71. 3-72.6
Plant 7 | Methanol 330, 000 36,816,841 | § C F.S. 73-76.7
Plant 8 { Polyethylene & 50, 000 37,823,000 | $ C N.U* 69.8
VCM 60, 000
Plant 9 | Ethanol & 30, 000 15,997,393 | § C F.S. 73.5-74. 10
Acetaldehyde 24, 000
B/L*: Battery Limit, C*: Construction, F.S.*: Full Scale, N.U.* : New Unit.

312133t M17A M 33 1979 6H
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Table 5. Percentages of Relative Costs for B/L

pamy] B | | ar+L) |
Py 100 53.92 | 28.85 | 17.24
P 100 48.56 | 39.46 | 11.98
P, 100 83.33 7.86 | 8.79
P, 100 32.99 | 50.60 | 16.41
P 100 40.63 | 35.45 | 23.92
Ps 100 36.36 | 38.84 | 24.81
j 100 61.66 | 14.19 | 24.17
Pq 100 35.99 | 20.18 | 34.83
Py 100 44.26 | 19.86 | 35.88
Average | 4863 | 2037 | 22.00
3) *22 FAA A FE AdENE J7FA

il (E), AA AR (M), RA%F LA
(L), A (D2 EFsgh

4) A1-$A =] (Start-up Cost) & X A A A9
skl =t
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Fig. 2. Distribution of Overall Factor in
Korea Chemical Process Plant
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Fig. 3. Distribution of Indirect Cost Factor
in Korea Chemical Process Plant
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Table 6. Scope of Sample Project
Items Contents Remarks
1. Project Polypropylene Resin Plant
2. Plant Type New Plant(Grass Roots Plant) )
3. Plant Size(MT/yr) 30, 000 ‘g
4. Plant Location Kyoungnam
5. Construction Time 1971. 3.
6. Area 98, 000(33 )
7. Process Amoco Process *Fimax=120°C
*Fp.max: 18kg/cm3
*Foave=S.S.
8. Boundary of Cost Estimation Battery Limit(except Site-Prepara-
tion Cost, Utility Cost, Land Cost)
*Fi.max - Max. Temp. *Foomax - Max. Pressure
*Fo.ave - Averaged used Mat’l S.S. : Stainless Steel
Table 7. Equipment Cost List of Polypropylene Resin Plant(Sample Study of QEEC
Program) (Unit $)
NO CODE SIZE COST EXPONENT INDEX F/D
1 1144 2500. 00 8382. 6289 0.78 332 F
2 1305 45. 00 33155. 0156 1.22 332 F
3 1404 476. 00 77408. 5625 0.70 332 F
4 1406 150. 00 23775.7773 0.96 332 F
5 2615 20. 00 5383. 5078 0.48 332 F
6 2915 5.00 1546. 5754 0.40 332 F
7 3038 6095. 00 6638. 9414 0.41 332 D
8 3039 2000. 00 8470. 5977 0.39 332 D
9 3044 18000. 00 28352. 4531 0. 66 332 D
10 3044 18000. 00 28352. 4531 ’ 0. 66 332 D
11 3101 9. 00 124030. 0625 ' 0. 60 332 F
12 3201 10. 00 22931. 4102 0. 60 332 F
13 3202 10. 00 106163. 8750 0. 60 332 F
SUMMARY SHEET
1. FOB TEC($) 47259106875
2. TEC OF DOMESTIC($) 6981404375
3. TEC OF FOREIGN($) 40277703125
4. Rp(=(TEC)D/TEC) 0. 1477
5. Fo=RE+Fa+ (1=Rg)Fai 1. 2205
FAL:L 05, F,ﬁ:l- 25
6. DELIVERED TEC($) 576776. 0625
Q)4 Bz 3lA B Fig. 3¢ EAsgch. 2 A4 1. Sample Project 2| MH
3 3T A A4 Ir = 130500 doll A AR mule] ebgA-g #HQlsiA] §
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Table 8. Summary of Domestic Factor and
Difference-Value Factor for Sample
Project

Factor’ Value ” Factorl Value I Factorl Value

Re |0.1477 ]| aa 0.6 | ps

2
Ry [0.18 || au 0.8 Fa |1.2205
Ry | 0.298 ) 0.1
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QEEC Program &) 4 4] 753}{— Table 73 7
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3. FUZFOUSF MY

Low Pressure(18kg/cm?)¢] Catalytic Reac-
tion 3} Polymerization ¢ &3] A 4lx] = Poly-
propylene F7-2] B/L &) A Adw FAREASF
24 Guthrie 21 A v QA+'9% AAstd ob&3t
k.

1) #8184 1100
2) A ¥l ]l 1 50. 9
3) AA ATl ol
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1 44.8
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F4=1.2205
Fr,de1=(94.09) (1. 2205) =114. 84
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Fu=50. 9(Ru(au—1) +11=49.01
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Table 9. Comparison 0f Our Model Factor and Real Factor

T —"“\Es?initmg Method Real Factor g‘actor Calculated by Guthrie Factor
Component T ur Model
1. TEC(FOB Base) 100 94. 09 100
2. TEC(delivered base) 132 114. 84 —
3. Material Factor(Fy)
Piping, Instruments,
Electrical, Insulation 45 49.01 50.9
Paint, Building &
Equip. Erection !
4. Labor Factor(Fy) 23.5 ‘ 34.44 44.8
5. Indirect Cost Factor 1.33 1.30 1.47
6. Over-all Factor(Foweran1) 266. 67 257.78 287.50
Error(%) ~3.33(%) | +1L14(%)
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B/L Battery Limit
D.C Direct Cost

F

Fluid Process Plant

F/S Fluid Solid Process Plant

LC Indirect Cost

L/M Labor Cost Per Material Cost

QEEC Quick Estimation for Equipment Cost
TIC Total Investment Cost

&1 28

D.H. Allen and R.C. Page, Chem. Eng.,
82(1975) 142.

2. N.G. Bach, Chem. Eng., 65(1958) 155.
3. H.C. Bauman, {znd. & Eng. Chem., 50(19

10.
11.

58) 65 A.
H.C. Bauman, Izd. & Eng., Chem., 54(19
62) 40.

H.C. Bauman, Ind & Eng. Chem., 50(19
58) 69 A.

H.C. Bauman, Ed., “Fundamentals of Cost
Engineering in the Chemical Industry”
Reinhold Book Corprtoion, 1968.

S.A. Bresler and M.T. Kuo, Chem. Eng.,
79(1972) 84.

S.A. Bresler and M.T. Kuo, Chem. Eng.,
79(1972) 130.

].D. Chase, Chem. Eng., 77(1970) 113.
C.H. Chilton, Chem. Eng., 56(194%) 49.
C.H. Chilton,

Process Industries,”
Co., N. Y., 1960.

“Cost Engineering in the
McGraw-Hill Book

HWAHAK KONGHAK Vol. 17, No. 3, June 1979



200

12.
13.
14.

15.
16.

17.
18.
19.

20.

21.

22.

%4
C.H. Chilton, Ckem. Eng., 57(1950).

J. Clerk, Chem. Eng., 70(1963).

C.E. Cost Files, Chem. Eng., 70(1963),
120.

J.T. Gallagher, Chem. Erg., 74(1967) 89.

K.M. Guthrie, Chem. Eng., 76(19569)
114.

J.W. Hackney, Chem. Eng., 67(1960)
J.W. Hackney, Chem. Eng. 67(1960) 119.
W.E. Hand, Petroleum Refiner., 37(1958)
331.

F.A. Holland, F.A. Watson and J.K.
Wilkinson, Chem. Eng., 80(1973) 118.

F.A. Holland, F.A. Watson, and J.K.
Wilkinson, Chem. Eng., 81(1974) 71.

1.V. Klumpar, Chem. Eng., 77(1970) 107.

shata@e A7 H 3 E 19794 6%

-3

44

23.

24.
25.
26.
27.
28.

29.

30-
31.
32.

33.
34.

LV. Klumpar, Chem. Eng., 76(1970)
14.

H.]. Lang, Chem. Eng., 54(1947).

H.]. Lang, Chem. Eng., 54(1947).

H.]. Lang, Chem. Eng., 55(1948) 112.
C.A. Miller, Chem. Eng., 72(1965) 226.
S.M. Walas, Chem. Eng. Prog., 57(1961)
UO.

M.D. Winfield and C.E. Dryden, Chem.
Eng., 69(1962) 100.

J.R. Williams, Chem. Eng., 54(1947)-
Yen-Chen Yen, Chem. Eng., 79(1972) 89.

F.C. Zevnik and R.L. Buchanan, Chem.
Eng. Prog., 59(1963) 2.

g4, ARTE 44N T,

4] 1976.
A&, 34838, 11(1973) 415.



