CHAPTER VI

ECONOMIC ANALYSIS

In the previous Chapter, two energy reduction design methods,
namely, "MER" and "Relaxation™, of the original design (base case)
have been pointed out.
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6.1 Investment Cost

of fuel consumption in the

the sum of the first three items.

6.1.1 Existing Exchangers

Table 6.1 shows the list of the existing heat
exchangers. The characteristics of each exchanger are also described

in the table. Note that, from the given entering and exiting
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temperatures, heat loads, and other characteristics of the streams, we
can readily estimated the prevailing overall heat transfer coefficient
"U" of each unit using the following rate eqguation

@ = UxA x DTLM

where @ = heat load (B:w.fm-}
A = heat transfes prea (f£t%)
i = _ B ’ 7 FFici 2 Op
= overs eat  trun coefficient (Btu/lb-ft™-"F)
DTLM an- Lempe) rence (°F)
Detail of, the calculs sribed in Appendix F.
Table B

Exchanger Shell Side i T Eit d OTLN AREA u

Y A7 \ (MBtu/hrt
NO.| Code | Tin | Tout |“Em= Btu/br) | (°F) (ft*2) | ft~21°F)
1| E-10 1 15,7 2,626 | 111,27
2 | E-102 FAL 229} 383 | 209 1 GTENNR 5 75,8 2,35 9,27
3| E-103 27 X ho | 322 | 3B
| E-104 = 167.8 1,760 45,37
5| E-105 | &97.f 345 107.9 7,574 61,27
6| E-108 252 | 187 110.7 7,635 | 105.59
7| 107 | 17 | € am ; 2.7 | 6,703 | 119,04
B | E-108 ﬂ J‘ {3 ' m ﬂﬁ 959 73.17
5| E-109 sl 1 1,510 57,76
10 | E-110 72| 120 7.86 71.8 2,983 36.38
1| E-111 611 | 120 A0 157.6 |& 5 112 18.12
A YU | el Bl 5
13 qE' 3 i ; 45 7 61.9
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6.1.2 Newly Installed Heat Exchangers

According to Chapter V, we have a total of twenty-five
exchangers for the MER design, and twenty exchangers for the relaxed
design. The purpose here is to find out the expenditure in installing
new exchanger units with the l‘.‘ifl.].‘ﬂ heat transfer areas.

reuse those existing angers whidhefn satisfy the heat loads and
— ’J
performances required BY“the Tetrt i%ﬂnre we shall determine

the investment St JnC) -.:-‘:‘«,-4» 111ing only the necessary new
\ he list of the reusable
exchangers for the \\ new mlmmgers and their
estimated areas are listed i Tebie b . Figures 6.1 (a) and (b)
are the grid diagrams fer  the ase and the MER design,
respectively. V‘—’F |
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Table 6.2 (&a)

{MER Design)

List of reusable heat exchangers
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Existing Unit Possible Reused Required
- Heat Load Exchanger Heat Load
No. Code (MBtu/hr) Code (MBtu/hr)
1 E-101 35,00 E-15 28.01
2 E-102 8.80 E-14 8.18
3 E-103 144 4 E-17 10.10
4 E-104 ‘ E-03 10.30
5 E-105 E-01 20.45
B E-106 ~— e -23 77.30
7 E-107 2 .80 — 22.90
3] E-108 S5.00 = 5.00
8 E-108 ‘ =2 3.08
10 E-110 . 5.60
11 E-111 .80 8.60
12 E-112 2} 0 7.51
13 E-403 = 7.70
14 F-101 148 A 112.88
% = "
w_-= \
-&QEE“ ﬁ
Pl \
Table 6.2 (b) “of 1 talled heat exchangers
( :
| ELLIN
Exchanger u ARER
- _ (MBtu/
No.| Code Tin | | Tou 2 whe) CF) | neestiFy| (1t22)
1| E-04 | 6100 339.0 | 303.0 | A74g0y|  B.10 | 75.6 | 60,00 |1,786.42
2| €0 0 . 50,00 |3,792.85
3 E-nﬂﬁ Q.n :SJJ S W 748 ¢ 60.00 |9,441.85
4| E-07q)| 383.0 | 339.0 2.50 | 52.8 | 50,00 | 947.15
5| E-08 | 34s.0 | 339.0 miu m.s 240 | 38.8 | 600 | 722.39
m‘ : -"] lpﬂ 3407 &gj 2,111.11
ﬂ 0 Iaﬁ ﬁﬁmm '] 0 J00J| 500.00
8q E-11 | 339.0 | 308.0 | 272.0 | 303.0 1.90 | 36.0 | 50.00 |1,055.56
9| E-12 | 339.0 | 308.0 | 272.0 | 303.0 1.80 | 36.0 | 50,00 [1,000.00
10| E-13 | 339.0 | 326.8 | 272.0 | 303.0 2.5 | M7 | 50.00 |1,117.57
11| E-16 | 252.0 | 243.3 | 114.3 | 154.8 | 11.90 | 112.4 | 50.00 |2,118.38




] E105 ws" El12
REDUCED Lk i\ — 180"
e Bl 0, ©
22.6
DIESEL . _51_5' o
CLRRULATE ! 8 ) |
: Elll
CAS OIL 611" ~
2 O 1
P, 51t Hn m® I -
&) \'i;a S
rerospe [ 5 i G y o 120°
HEAVY 27" e
HAPHTHA Y C 120"
e F- 101 ¥
KEROSENE : @) -
CIRILATE \or ==
(C)— 187°
\"’?w.z .
25_. 100
g 22.9
s’ -~
NS
116
A A m
S U L] d‘
8.8 35.0 DEEALTER
FEED
73 310° —
CUBWE TOMES
W FEED
Figure 6.1 /Ka) ~&rid d
paye 04% s81,02° 3278 T * -~
B q} .i—,.,_: LT 2413 @ ‘a0
Bap®
Gl
s1* 5.8
120*
0, —E—
510"
= P
anz® Py vag®
0,
2
2y
E " 2000 oo ue aoe o
e 1;1;1
- OO "
f of 3o
- -
314"° P!
NS -
Y. ! \ L 80"
—O : O (]
Y ] 154.8% T a3z
‘I\ b _C/
- L.\ p
. 47a® am® 272*
L1} _O 5 {:__r €
~ o
(e

N

Figure 6.1 (b) Grid diagram of the MER design
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6.1.2.2 Relaxed Design
As in the case of the MER design, Table 6.3
(a) give a list of the reusable exchangers for the relaxed design.
The required new exchangers and their estimated areas are listed in
Table 6.3 (b). Figures 6.2 (a) Ilialm:i (b) are the grid diagrams of the

base case and the relaxed design
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Table 6.3 (a)

{(relaxed design)

List of reusable heat exchangers

Existing Unit FPossible Beused Required
Heat Load |Exchanger Heat Load

No. Code Heat Load Code (MBtu/hr)
1 E-101 E-10 28.01
2 E-102 8.19
3 E-103 10.10
4 E-104 8.50
5 E-105 20.45
B E-108 77.31
7 E-107 22.80
8 E-108 5.00
g E-109 5.00
10 E-110 5.60
11 E-111, 11.40
12 E-112 751
13 E-403 7.70
14 F-101 126.18
Table 6.3 %B) [f#at exchangers

iy

: £ o Q.
E:i:hangnﬁ g |5 fey I ﬂﬂ.ﬂi U AREA
- ¥ L {MBtu/hra
No.| CodeY Tig metusne) | CF) | 1£50°F) | (e
‘ o Y
S P e e
241 FE%ps 2.0 } %0 LN . .B 000" |1,670.00
3 e-0s | 272.0 | 430.0 | se1.0 [ 30e.0 | se.ss | 736 | 70.00 [7,099.00
4| E-01 | 304.3 | 308.7 | 383.0 | 339.0 2.50 | 52.8 | 50.00 | 947.00
s | e-08 |303.0 | 304.3 | 3460 | 339.0 | 1.40 | 38.8 | s0.00 | 01,00
o | -1t | 1143 | 15e.8 | 252.0 | 2033 | 1150 | 112.3 | s0.00 |1,765.00
7| E-tp | 95.0 | 115.0 | 4420 | 390.0 | 370 | 3107 | 60.00 | 198.48
el e-18 | 95.0 | 115.0 | 205.0 | 176.0 | 5.8 | 845 | s0.00 |1,100.24
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6.1.3 Investment Costs Related to Heat Exchangers

In the retrofit design, additional heat exchangers
are installed to recover more process heat. The costs of these extra
exchangers are a major factor. For simplicity, the costs of piping,
installation, taxes, ete., 'ilil]. be considered to be proportional to
the basic costs of the exchange

Most equipment, which are

available for ready ne s of a preliminary or

conceptual design are i s at certain time in

the past. Toeet_' e cost data of the past

may be corrected by d cost indexes. The

cost index at a give he ratio of the equipment

cost at that time past time. Therefore,
certain base if the eq ome point- time is known or

can be estimated, the at the present time can be
determined by _ ti original cost.®ith the ratio of the

present cost

at the time the
|
original cost is es

: sent time b
mu nf original cost)

AR aﬁmmfum;mmmm ot the

ex:.stmg exchangers in the base case design are the floating head

type. So the same type of exchanger is selected for the additional
units. The cost of the floating head heat exchanger in 1958, which is
assigned an index value of 100, is used as the original cost. With
the aid of Figure 6.3, the present cost of any floating head exchanger
can readily be estimated by multiply the original cost with the
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prevailing index value. Note that the present cost index (September,
1989) of the heat exchanger is 360.5. (See Appendix F)
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t No. 3, some actual cost of heat exchangers
(floating heat type) were known. Table 6.4 shows the correlation
between cost of heat exchangers and their heat transfer areas of the
knowning exchanger payments.
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No. Heat transfer Cost (US$)
area (ft°2)

1 1,496.0 29,680 19.84

2 2,723.2 ‘39,800 14.65

3 15.83

4 13.74

5 16.84

8 12.21

7 12.64

By this obtained data to the
cost of heat exchangér feferefive chart Bigire 6.3). The comparison
chart of exchanger cost developed 1o Peure 6.3 was obtained as
Figure 6.4. C ' al ted in 1958 (index =
100) whereas _Tm:'; curve A using the
present cost irdugof stua plot.t.adby using the
actual data in Table £,4 is represented by curve C.

ﬂumnﬂmwmm e i
e T AT AN T B e

corrected with the present cost index. As mentioned earlier, the cost
estimatation seems to be more reliable if the actual cost data is
known. Thus, the following estimation of heat exchanger costs will be
based on curve C.
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6.1.4 Total Investment Cost
The present costs of the additional exchangers
required by the MER and relaxed design are determined by Figure 6.4
and showed in Table 6.5 and 6.6, respectively.

L

Table 6.5 Cost

tion of newly installed

heat e 3 {MER design)
Exchanger Cost per Present
. ; [RE ft~2 Cost
No. Code : : ; _ S¢) (Ussg)
s .
1 E-D4 .70 40,572
2 E-05 .00 61,500
3 E-06 .00 147,000
4 E-07 .00 26,400
5 E-0OB .80 25,020
B E-09 .70 42,6836
7 E-10 .00 18,800
B E-11 .30 26,9883
g E-12 . @ Wehelr .00 26,400
lﬂ E- 13 2 D"?— _- _‘J_ - ZD 2? ] 9?2
11 E-18 11700 .00 42,300
et i ——r—
486,583.00

Table E.6 gost estimati of newly installed

| ‘ | Wgﬁ)ﬁ‘iesiﬂn)

Exchanger ' |Heat Load| [Required Cost perg } Present

o TP TR S ) 1 ) NE e

1 -04 12.20 3,720 1 56,172
2 E-05 9.00 1,700 20.8 35,530
3 E-08 36.55 7,140 14.0 98, 960
< E-07 2.50 880 24.5 24,010
5 E-08 1.40 B25 28.0 17,500
6 E=-11 11.80 1,800 20.8 37,440
7 E-14b 3.70 210 30.0 6,300
8 E-18 5.58 1;170 22.4 26,208

Total 303,120.00
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To come up with the total investment cost the other

relevants are include as proportional to the basic costs of heat

exchangers. The below percentages are more or less based on the dats

of Bangchak 0il Refinery Restructing Project Carried out by TOYD

Engineering Cooperation (19&}‘. The parallel
tives is determined as follow.

estimations of the two design a

1. Basis Heat Exchfige

2
3. Pump (40 %) 194 ,633.20
N '\

4. Piping (50 %) | y \ 291 .50

5. Instrument (10 %) 145,870.90

B- InEt.a.llinE ,_ ,g?éim

7. Contingency AT A »30

(7 Total 338,107 £

(b) Import Duty m m

e NN WG
vy R RV E N v D

Total investment costs 1,575,614.14

Shipping & TrafSpoeferidnf(202) | | \9%316.60

investment cost

Relaxed
design
303,120.00

60,624.00
121,248.20
151,560.00

90,9836.00

80,936.00

15,156.00
833,580.00

67,838.26
27,135.30

18,868.52
147,858.83

861,538.93
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6.2 Energy Saving and Payback Periods

Energy savings in the two retrofit designs is accomplished
by minimizing the fuel consumption in the fired heater. In other
words, additional heat exchangers are installed in the feed train to
recover more heat from the hot ?fflumts to the extent economically
justified. Meanwhile, from the

-r point of hot process streams that
need to be cooled down, th ¢dnfufotion of cooling water will
heat is recovered.

Therefore, the savi ' ST of the retrofits

NS

Sy

parallel form as belows. _,:.:; :

S
B

(a) Saved Energy "w{— SeT ! EF Relaxed

a.l Hot Utilitl

——eEHANBYGE NG 2

Efficiency, % q j 5 L IZ::
e SWTENNIWHRVINE TR

Unit Cost = 4.3 US$/MBtu, Operating time = 8,000 hr/yr
Saved Cost, US$ - 1,521,939.38 968,203.64
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(a) Saved Energy Base case MER Relaxed
(continued) ———— design design
a.2 Cold Utilities
Required, MBtu/hr 167.31 130.99 144.0
Saved Energy, MBtu/hr - 36.32 23.31
Saved Cooling Water, m /hr Vi 823.74 528.67
(See Appendix F) |
Unit Cost = perhringt i 8,000 hr
Saved Cost —— | .Qm.sz 88,816.56
Total cost of energy \
in US$/yr (a.1 + f == \‘t'\-,-.; D,827.71  1,057,020.20
(b) Rise in Opera
(estimated f t saving), . | 884,131.09 422,808.28
(c) Total investment
of retrofiting ,575,614.14 881,538.93
(d) —5'# 1.55

; W’ﬁ‘ﬁﬂ"ﬂ‘ﬂﬁmwmn‘i
ﬂ-ﬁ%
QWIMQ‘EMW]’MEI’]MI

2. E'aybauk period of relaxed design
= ___(981,538.83) _(Usg)
(1,057,020.20-422,808.28) (USg/yr)

= 1.547 vears



151

6.3 Design Finalization

The above economic analysis indicates that both the MER and
the relaxed designs merit serious consideration for implementation,
the slight difference in their payback period being insignificant,
i.e., 1.58 and 1.55 vears, rasp?ctively. As mentioned earlier, =all

the designs which have attracti e Vybm:k peroids should be seriously

considered for selection. A y/
- -"\,\l. /
_—-""_—-_
In addition "¥&"EEGHoni? ra@san important design

strategy to carefullyeehedl rhe performance, and system
operability, includial or costs. The relaxed
design is found to &g pared to the twenty-
five of the MER des"
design pays a high péng

circuitous piping, morefopess

et

design configuration calls fo

0 conclude that the MER
complex layout, more
For example, the MER
ve-way split of stream HNo. 12

(whereas only a --' € plit suffi . relaxed design).

7
For thusﬂ

recommended over .the¢ .MER design.g, The flowsheet of the fﬁl

reorss sesifi usm@w*m
q RIAINTUURIINYIANY

is strongly
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