CHAPTER V

APPLICATION TO AN OIL REFINERY PLANT

In the research, we selected the Bangchak Petroleum Industry
Co.,Ltd. as our plant case study. Our interest is centered on the

process section of crude oil ion. The general details of the
plant concerning proc piidiBnd their products, material
presented as follﬂﬂﬂ/ '
o :
5.1 Plant Locat
The LXY td is located at 210
Sukumvit 84 \ 'he plant area of 182,000
sg.m. is divided Z qg.m., and an industrial
process area of 184, ding areas are
North (4 «clos . chaindl; end next to the oil
_ -"‘ ority of Thailand.
i ‘m close to Bang-oor channél, and next to Thai
.

JNHM‘§W Wﬂ:ﬁmw
ﬂ‘ﬁﬁﬂ\"lﬂ"ﬁ‘ﬁﬁﬁ%ﬂﬂﬁﬂﬂ&l

Thmgtrmlprmuummtﬂd into 2 parts, i.e.,
Crude O0il Distillation area (onsite) and the offsite area, on which
are located the tank farm, buildings, and waste water treatment unit.

The onsite area consists of three crude oil refinery plants,
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Plant 1 : A daily rated capacity of 5,000 bbl. Presently it
is already obsolete and will be scrapped.

Plant Z : A daily rated capacity of 15,000 bbl. Presently,
it is shotdown and is undergoing modification to attain higher
distillation efficiency and capa‘ﬂity.

Plant 3 :

ing unit right now with a daily rated

new designed conditi

5.2 General Process ,
The ecrude g Il . " be categorized into six

units as follows :

- Unit 100
- Unit 200
- Unit 300

s Un.it % AL 1erol ﬂit

- Unit 1700 ;. Kerosene Tpeating Unit

L UHINENINENG, v o
mwwwmw ’T”J“FI“EI"‘T gy

of the §topping column is compressed then contacted with light

naphtha in the gas recovery unit (400). The overhead liguid
(unstabilized light naphtha) from the fractionator is also sent to the
gas recovery unit. The top sidestream {heavy naphtha) is sent to the
pretreating unit (200). The second sidestream (kerosene) is sent to
the kerosene treating unit (1700). The third sidestream (diesel oil},

fourth sidestream (gas oil) and the reduced crude are sent directly to
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blending. A portion of the reduced crude is sent for use in the plant
fuel system. (See simplified Process Flow Disgram in Figure 5.1.)

5.3 Evaluation Conditions

1. Plant No.3, the only one in operation, is selected for

consideration.
2. The evaluation \#ill bg garried out only on the topping
unit (unit 100) srea. . = ' :
- _‘ _
3. All of thevevaluates witm belong to the old

plant, i.e., prior Lofipgiade/and modification finished by May 88.

However, certain re .

plant at the end of
4. Denign‘. dafs lof th

Note that logsheets off t

e used for evaluation.
‘ot \ g data are not available.
P i T and of Exergy formerly

mentioned in Chapter II and i3ii ars ed in our evaluation.

-
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5.4 Description of Based Case (0Old Plant)

The topping unit is designed to process 50,000 bpsd (barrel
per stream day) of Arabian crude oil. It fractionates the crude o0il
into unstablllzad light naphtha, heavy naphtha, kerosene, diesel oil,
gas oil and reduced crude by flash vaporization and fractionation in

//

the fractionator C-101.

*

5.4.1 Description e “oeSce Figure 5.2)
- —
1. _‘=- : Crude oil from storage is
pamped by pump P of 50,000 bpsd and is

preheated by heat @xchénge dith ] » ate circulating through
E-101, kerosene pg ‘
diesel o0il circulaf throfigh 6104 ' 0il through E-115 and
reduced crude throughfE-405 R 4 8C (448 °F) before entering

the crude furnace F-101. ¢ 5-1 summarizes the temperatures of the
‘k; - - - 4

= U
o °% | ©

- B- 188 B7

Wqﬁ?&mﬂ%@@“’il El@ tﬂﬁ

E-102 Kerosene Product (Tube Side) 212 | 100
E-103 Diesel Product (Tube Side) 212 1[!.'.I 262 | 128
E-104 Circulating Diesel (Tube Side) 262 | 128 | 297 | 147
E-115 Gas 0il Product (Tube Side) 297 147 | 432 222
E-105A/C |Reduced Crude (Shell Side) 297 | 147 | 448 | 231

2. Crude Furnace F-101 : The crude heater is a

vertical, bottom fired furnace having a heat convection section, a

four-pass radiant section and =2 steam superheating coil in  the
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convection section. Fifty-psig steam is super heated to 318 °C (800
°F) for use in the fractionator C-101, heater transfer line, and side-
stream strippers C-102, C-103, C-104, and C-105.

3. Topping Column C-101 : The crude is heated in

furnace F-101 to the temperature reguired in the flash zone of the

fractionator C-101. The
379.8 °C (715 °F) when

erature for the flash =zone is

is 17 psig.

to the crude oil along
the transfer line 1 and the fractionator
C-101 to improve crude o0il in  the
fractionator withet : Jtof;: ase th s zone temperature.
The flashed liguid : in the flash zone. The
liquid is steam stripbe Yave St oigh 37 and the reduced crude
PO — ] ”"nnm.aailprermt exchanger

E-105, water mﬂepwj‘w B.and-then to the battery

limit. Y |
||

G’m 0il P‘rnt:hmt The nnﬂ oil vapor rises upward

el “*mwmwg e

0il) condens&& on tray 30 at sbout 334 (633 °F) ﬂherﬁ it flows

s QAR PERT] B PAFRTIE (7w o0

stripped of entrained light vapor by superheated steam. The light

4.

vapor returns to the fractionator above tray 29, while the gas o0il
product is pumped by pump P-107 to the gas oil storage through crude
o0il preheat exchanger E-115 and water cooler E-111.

5. Diesel 0il Product : Diesel oil is condensed on

tray 25 at about 282 °C (540 °F) and flows by level control to diesel
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stripper C-104, where it is stripped of entrained 1light wvapor by
superheated steam. The vapor returns to the fractionator sbove tray
21 and the liquid is pumped by pump P-105 through crude oil preheat
exchanger E-103, water cooler E-110 A-C / E-114 / E-117, coalescer D-
104 (to remove insoluble water BP.llsim), and then to storage.

ne vapor continues upward

(416 °F) where it flbws ey C pol to kerosene stripper C-

103. Here it is steam'Stri vapor is returned to the
A B .

fractionator nbcg tﬂ’iﬁ:’ The ‘Iiguidyis pumpe by pump P-103

through crude oi te) cooler E-108 A/B, E-

116 and coalescer glfﬂ le ﬁt&r emalsion), then to

8. 11‘cula.t ight Dlstlllnta : A stream of

“‘“’WWWﬁ‘ﬂ VIV TR o o

tray 1% by pump P-104 to provide crude preheat in E-101 before being
returned to the fractionator at tray 8.

8. Heavy Naphtha : Heavy naphtha condenses on tray 7
at 149 °C (300 °F) and flows under level control to heavy naphtha
stripper C-102 where it is stripped of light vapor by steam. The
vapor returns to the fractionator above tray 6 and the heavy naphtha
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product is pumped by pump P-102 to either the catalytic reformer, or
through water cooler E-108 to heavy naphtha storage.

The properties of the sidestream products (kerosene,
diesel, etc.) are controlled by their respective rates of removal, and
the distribution of reflux between the circulating reflux and the

tower top reflux, Pr,' =) made to inject ammonia, or

neutralizing amine, inte the fractidhslor to control corrosion in the

leaves the fracti
gas, light nsph gight-run prodoet. The
overhead vapor is cofdens -stage system. Light nsphtha for
top reflux is condensbd fin tie G-stage reflux condenser E-106 and
accumulated in the reflux ‘&t D-10 from D-101 passes through
overhead condenser E-10% - - naphtha product in
overhead recei D=

fractionator raflr.@ and

hold-up for the

an@m.l"cua?%wy a
temperature controlevalve on the ppocess line that by-pass exchanger

5105, ﬂuEJ’J‘VIEJ‘VﬁWEJ’]ﬂ‘ﬁ
QW?ﬂ\ﬂﬂiﬂJ 1IN Y




29

qiun Furddoj jJO 388YsSHOTJ SS80014 Z°'C 2andty

ANVLMEID = W
(oG ¥ LiNAJ nuw.u...._(\—\‘

(F_2)

'y B0I-d
[{1] b -
r41]

30n43 03InaIN v v 3 wsoi-3\y/ 00w LINn wous|aNly 01 e
A'w T3 .
. A
ar
1
L5 |

135310 0I5 HOIM

(e,

Eﬂ.— FLERITEY ]

WILVILLTM OL NH (]

M1 JETUEVASND

(se) \ / ,
AN

—

(in)

g

306N



B0

5.4.2 Material and Energy Balance

Table 5.2 shows the data (refered from Table C.4,
Appendix C) for material and energy balance analysis. The boundary of

interest is shown in process flowsheet Figure 5.3.

Remark : CAPI sruwaiumrudily eqmzuEt.o specific gravities
m%mwmwmm

’QW']ﬂ\ﬂﬂ‘mJ UNIAINAY
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Table 5.2 Data for material - energy balances

Conditions
No. Material
Feed rate |Temperature| °API |Average| K Cp
(1b/hr) (°F) MW (Btu/1b-F)
1 |Crude charge 618,150 80 s 211.6 | 11.7 0.44
LY
Z |Gas/light Naphtha 0.54
3 |Heawy Haphtha 0.50
4 |Eerosene 0.48
5 |Diesel 0il 0.45
6 |Gas 0il 0.43
7 |Reduced Crude 0.41
8 |Saturated steam
9 |Air feed
10 |Fuel 0il feed
11 |Steam output
- From D-101
- From D-102
12 |Flue gas ﬂ
13 = 396.1 kM.
14 |Hmidity in : 0.0143 1b water/lb dry air
plant air
15 |Temperature reference = 80 °F
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A) Material Balance

Basis : 1 hour operation

Input B

1. crude charge 619,150.0
2. steam feed . 33,780.0
3. fuel oil feed

4.

i

2.

3.

4. 98,028.0
5. 50,245.0
6. ) ' {ip4.0
" : :7‘

8. :

ﬂf:ﬁm’ﬂﬁw%

! HARIDIO HAD TUHIE L womenem

fmthamimofmtermmtlnﬂmm



B) Energy Balance : Reference temperature

Input

1. Sensible heat of crude charge (T = 80 °F)

2. Enthalpy of fuel oil

a. Sensible heat

3. Enthalpy of =

4. mtlnlpvnfnir

OQutputy

1. Enthalpy of gaf

= 76179(0.54)

2. Enthalpy of heav

==L

= 1usé3.s{u.43}(znu-au}
b. Heat of combustior

;{\; L//

= 58565(0.50)¢ 2U- ..' ’7 :

3. Enthalpy of

-
E ‘P

4. Enthalpy of ‘1aaa1

*P?‘H“EJ‘?“‘P’I’EJVI‘?W BINT

5 thalfy of gas oil

Wﬂ‘&ﬂﬁfﬁ UAINYTR Y

B. t!mlpsr of reduced crude
= 214040(¢0.41)(180-80)

7. Heat to steam (Saturated liguid)

a. from D-101
b. from D-102

-
=

25480(155.0)
8280(67.87)

=I=Bﬂ°F

x 17500

n

"

n

"

il

0.00

0.54
185.81

38.83
0.00
226.28

0.82

1.18

1.78

1.78

9.%4

3.85
0.56

64
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Output (Continued) MBtu

8. Net heat to cooling water (E-106 to E-112)
(89.10+22.88+4.87+5.27+7.47+14 .05+21,55)
(see Table D.1, Appendix D-2)

8. Heat to debutane reboiler (E-403)
(see Table D.1, A

165.18

11.28

10.
28.74 |
11. 2.89
230.01
Remark : The net energy/o s 5 ¥ hi than the net energy
input. - 7 might come from the

Tha heat exc rrmtﬂkmt.m fléwsheet form in

riguee 3.4 oo B bbbk dohd LN 0, e

stream tupuru.‘h:remﬂmt.ﬂhl‘nat load marked on. The grid shows all
the flowsheet heat exchangers, heater, and coolers with their hesat

loads and corresponding stream temperature (in °F). The stream data
are listed in Table 5.3.

The existing hot utility is 149.40 MBtu/hr, and the
net cold utility is 167.31 MBtu/hr.
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Table 5.3 Stream data

Stream Temp. |Ht Exgr|Heat load| CUM H FCpom FCpm
(°F) Ho. (MBtu/hr)| (MBtu/hr ) | (dH/dT) | (Total)
Reduced crude 697 | E-1065 50.08 TZ2.68
364 22.60 | 0.1504
180 0.00 | 0.1228 |0.1406
Diesel circulate ;
0.1667
Gas oil
0.0297
Diesel oil z2.26
7.86 | 0.0605
0.00 | 0.0517 |0.0571
Eerosene 13.95
2.15 | 0.0571
0.00 | 0.0472 |0.0530
Heavy naphtha
0.0333
Eerosene Cir.
0.2058
Gas/IN to E-
1.3723
Gas/IN to E-107 | Y
Fl U YNAWENNT |
by
' 8 1 51.0545
‘ | : : 2
IR TR e 1 o 21 8
Ikaaqitm: feed B0 0.00 0.00 | 0.2841 |0.3031
198 | E-1D01 35.00 35.00 | 0.2933
228 | E-102 8.80 43.80 | 0.3349
272 | E-103 14 .40 58.20
Crude tower feed| 272 0.00 0.00 | 0.3526 |0.4720
310 | E-1D4 13.40 13.40 | 0.3737
444 | E-105 50.08 63.48 | 0.5355
723 | F-101 149 .40 212.88
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5.5 Pinch Design
5.5.1 Data Extraction and Energy Targeting

1. First-Law Analysis
According to our evaluation on the previous
subsection, we have twelve disti‘nct streams in our system, i.e., nine
hot streams and three cold st

/ The properties of each stream are
|

W

)& heat svailable in the hot

presented in Table 5.4,

¢ cold stre@ms, the difference between

o
n
3
g
g
&

@z = £))(540-390 oF )
v — R
Thus, 17.81 rmwn@m—t - jPeold @iutius i there ba: o
restriction on temperéifure-driving forces

FUEINENINEINS
%_
AR FITIU NI = =

(Figure $.4,b) is 30 at the cold end of match 5. As a first step,
wechnosaaniminmdrhingfomofﬁ%b&tmmp&irnfhutmd
cold streams. Next we establish two temperature scales on a graph,
one for the hot streams and the other for the cold streams, the latter
being shifted by 36 °F from the former. Then we plot the stream data
on this graph with a series of temperature intervals that correspond
to the heads and tails of the stream arrows on the graph, i.e., the
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inlet and outlet temperatures of all the hot and cold streams given in
Table 5.4 (see Figure 5.5) are plotted on this respective scales.

Hote that eighteen intervals are obtained.

Table 5.4 First law calculation

Stream Tin L ged FCpm HEAT LOAD

No. (°F) Lyl (MBtu/hrSF) (MBtu/hr)
Hot stream

1 687 0.1406  72.68
“ 540 0.1887  25.00
3 611 0.0297 14.60
4 510 0.0571  22.26
. 383 0.0530  13.85
® = 0.0388  5.00
! ) 0.2058  35.00
8 AV (1.3723 89.20
¥ B’ ) 0.2832  22.%0

—
. ARUMeiEIndings oo
ARTRIN TS T4 ==
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Setting wup the intervals in this way guarantees that
full heat interchange within any interval is possible. Hence, each
interval will have either & net surplus or net deficit of heat as
dictated by enthalpy balance. Enowing the stream population in each
interval (from Figure 5.5) we can easily calculate the enthalpy

%

balances for each interval accm_.,‘ g to :

ai o)t / Yeold,i) 1 A T
Thus, for the first three interve 44;”

Q1 = -29.2640

Q2 = -28.5004

a3 -540) = -21.4207
The results for t Figure 5.5. We also
note that the summa : Hav all the intervals is
17.19 MBtu/hr, which i iflent * the Bestilt obtained for the first

law calculation.

intervals. Namelyy any b ““‘. i is hot enough to

supply any duty in dnterval i+l. mmml?mrabﬁia} In
interval twelve

o m@ﬂm RS o
mﬂmnmm i

(b), and cascaded down through the system. By enthalpy balance this
means that all heat flows are increased by 112.88 MBtu/hr. The net

result of this operation is that the minimum utility reguirements have
been predicted, i.e., 112.88 MBtu/hr hot, and 130.80 MBtu/hr cold.
Further, the position of the pinch has been located. This i=s at 339

OF on the boundarv of the hot temperature scale, at which heat flow is



ZEeTro.

AR

119.29 ———
.46
126.75
—0.16
128.58 ———

130.80 ——

INFEASIBLE PINCH,@h—min,Gc-min
(a) (b)

Figure 5.6 Cascade diagram
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3. Temperature-Enthalpy Diagram
To construct a temperature-enthalpy diagram, we shall

define the enthalpy corresponding to the coldest temperature of any
hot stream as our base condition, i.e., at t = 110 °F (see Figure
5.5), H =0. Next we calculate the cumulative heat available in the

aggregate of all applicable hot |streams as we consecutively move to

T1 = 100 °F Ho =@ N ComH = O

Com H = 5.264
S0+0.0333+0.2632)(176-120)

\\ o s

The results of the othed intgresis are sh G in Table 5.5 (a).

Table 5.5 (a) Tamperat Enthalpy diagram

s
:ﬂu&mm%’ng;mggg
amammm@ﬁmiﬁ
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Next at the lowest temperature of all cold streams (T
= 80 °F), we define the enthalpy as the minimum cooling requirement
Qc,min (130.7880 MBtu/hr). Then we calculate the cumulative enthalpy
in each temperature interval :

TL = 180 °F Ho = 130.7980 ‘ Cum H = 130.7980
™ =229 0 = 58.1852 Cum H = 188.9942
TS = S03°F HZ =

= Com H = 203.6262

The remainning resu

Table §. diagram

o

CUM @

130.80
188.98
203.63

ool £0 B

413.47

| I&tad on Figure 5.7. Ve
note that the enthalpy of the hot gtreams that must be rejected to a
cotd uti11tyfAk bl &) 120 Y imbd/bed S B bidhe of heat tnat mst
be supplied from a hot utility is @Gh = 412.88 MBtu/hxs Moreover,

n = ol Gl e wded ook Bl sporonc
tulpera.t;l.tre occurs, i.e., the heating and cooling curves are closest
together. Thus this temperature-enthalpy diagram gives us exactly the

same information we have obtained previously.
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4. Application of Energy Targeting Software

When we apply the Energy Targeting Software

introduced in the previous Chapter to the present problem, the

following results are obtained. Of course, the results agree exactly

with the above hand-calculation. :

A> THESIS

q

=

HOT 22 AN W l
EUPEL’w'f. Wi
697.00 L) f |
TARGET T‘EHFERATURE (oF) =

Beaneninens

i Sdaia I NYa Y

TARGET TEHMPERATURE (oF) =

80.

HEAT CAPACITY FLOWRATE (BTU/hr-F)
0.1687

HOT STREAM No. 3

SUPPLY TEMPERATURE (oF)
611.00 -
TARGET TEMPERATURE (oF
1

HEAT CAPACITY FLOWRATE (BTU/hr-F)
0.0287



HOT STREAM No. 4
SUPPLY TEMPERATURE (oF)

210.00

TARGET TEMPERATURE (oF)
120.00

HEAT CAPACITY FLOWRATE (BTU/hr-F)
0.0571

HOT STREAM No. 5
SUPPLY TEMPERATURE (oF)
. v
TARGET TEMPERATURE (o =
120.00 \ .
HEAT CAPACITY FLOWRATE LB8TL/hr-F)
0.0530 SO

HOT STREAHM™NG™
SUPPLY TEhE
270.00
TARGET T&

120.00
HEAT CAF
0.0333

HOT STREA
SUPPLY TEMPE

346.00

TARGET TEMPES
176.00
HEAT CAPACI
. 2059

o

HOT STREM |
SUPPLY [FEMPERATORE

252.00 =
TARGET qgrp-

m'
187.00 :
HEAT CAPAGILY FLOWRATE, (BTU/hr-F)

A ANENINEINS
MBS ReRUA I NEA Y

COLD-STREAM DATA :

COLD STREAH No. 1
SUPPLY TEMPERATURE (oF)
303.00

TARGET TEHPERATURE (oF)
314.00 _
HEAT CAPACITY FLOWRATE (BTU/hr-F) =

1.0545

n
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COLD STREAH No. 2
SUPPLY TEMPERATURE (oF)
80.00

TARGET TEMPERATURE (oF)
272.00

HEAT CAPACITY FLOWRATE (BTU/hr-F)
0.3031

COLD STREAH No.
SUPPLY TEMPERATU
272.00 .
TARGET TEHMRE!
723.00

n

&

3

i e e e b o T e —————

HEAT CAPACITY
FLOWRATE

e = - ————— T e -

—————---H——— i — i — -

S ——— i — ——— " —— i — T ——— -

COLD STREAM SUPPLY TEMP. TARGET TEMP. HEAT CAPACITY
No. FLOWRATE
1 303.00 314 .00 1:05
2 80.00 272 .00 30
3 272.00 723.00 47

RN RS RR RS S U om mmommomm mm mm m n  — —— — —— —  f  ——————— ——f— ——

MINIMUM TEMPERATURE DIFFERENCE = 36.00



RESULT

" o ———

INTERVAL HOT — STREAM DEFICIT CUHULATIVE HEAT FLOW

No. TEMPERATURE . QUTPUT
112.88

1 .26
83.62

2 B
$5.12

3 .19
33.70

4 .24
28.85

5 .58
20.30

B .30

18.58

7 5.32 .82
P Y 12.27

8 __ 4,98 .80
T 7.28

g 28 .88
S oy ‘ 00

10 fjg;“ .44
1z 44

11 77, - 0188 .48
J‘ﬁif 7.40

12 T .98
£ 11.30

13 .89
A4 114.57

14 5.05
ﬂ 117.83

15 40
119.28

& ﬂ itikel EJ\‘VI?‘?‘W 4 ﬂ"ﬂﬁ
0 126.75

17 19, TD
126.58
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MINIMUM TEMPERATURE DIFFERENCE = 36.00 oF
PINCH IS LOCATED AT COLD TEMPERATURE = 303.00 oF
PINCH IS LOCATED AT HOT TEMPERATURE = 338.00 oF

FEEkFRERRRerrRRrrRRR sy ENERGY TARGET sk eiisx

MINIMUM HOT UTILITY REQUIREMENT
HINIMUM COLD UTILITY REQUIREMENET

112.88 BTU/hr
130.80 BTU/hr

i on

Stop - Program terminated.
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5.5.2 Design of Haximum-Energy-Recovery Heat-Exchanger Networks

Now that we have obtained estimates of the minimum heating
and cooling reguirements, we proceed to design a heat-exchanger
network that fulfils such requirements. We conceptually divide the
design problem in two parts : ‘first we design a subnetwork for those
streams lying above the pinch .and then another for those below the

uhe // _ \\ design procedure, we
calculate the heat 1gfc : \ \\
stream or the out ok & a0 d_stream and the pinch
temperature by the exgrefsice YA ‘\ Using the set of stream
data in Table 5.3, the, the pinch for each stream has

been determined as :

Stream No. ~ e (MBtu/hr)
Hot &tream '
1 Q 7 90.08 + 0.1228(364~ = 53.2
2 ﬂww&mwmm = 2.0
3 = 0.0297(611-339) 8.1
« 4R amww’mwma El 10.3
5 1 = 0.0571(383-339) 2.0
7 e = 0.2059(34B8-339) = 1.4
Cold stream
10 & = 1.0545(314-303) = 11.8
12 @ = 0.3526(310-303) + 50.8 + 149.4 = 202.0




82

Figure 5.8 (a) shows the set of streams above the
pinch. The first point to relise is that, because there are six hot
streams and only two cold streams immediately above the pinch, some of
the cold streams must be split according to the pinch design rule
(Nh £ HNe). We must remﬂmbef that above the pinch, if the best

performance is to be nbtain o utility cooling should be used.

This means that all } ;‘:\_\g\“- € /mg=t be brought down to pinch
temperature by intere '1«1:.".-:;; inst=lhewavailable cold streams. We
must therefore s | and find matches that

fulfil this condi

. shown in Figure 5.8 (b).
Matches 1, 2, and 5 ) the existing plant, the
others being newly i design heuristic for feasible

matches sbove the pir ihCph £ FcCpe, we now assign

loads to these matches. r-*:; iatches 7 and 8 are maximised

to “tick-off" :e 7, res ofly. Then match 2 is
‘ - "\
maximised to ° bified cold end temperature

of the split ooid ¥ ed below 474 °F (because

the mpilr im I de;:: dia;t: D::B
- B ;‘iﬁm BRI e

rmﬂsh:lldnotbe COC
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The stream matching conditions corresponding to
5.8 (b) are listed as below.
Mateh NHo. 1 Heat Load 20.45 MBtu/hr
Hot Stream No. 1 : Th=897.0° Tc = 561.02 °F FCp =
Cold Stream No. 12 : Te =4740°% Th=512.2 °F Fcp =
Hatch No. 2
Hot Stream No. 2b : "ThHe=-b .9 °F 380.0 °F FCp =
Cold Stream No. ,: | SERNTR=™814.0 °F FCp =

¢ Match No. 3 oo " \
Hot Stream No. ‘ a uF FCp =
Cold Stream No. 505,09 \Th=4¢73.0 % Fop=
Match Ho. 4
Hot Stream No. : "ThEEEs Te = 333.0 °F FCp =
| . =
Cold Stream No. 0 °F Fop-=
Match No. 5
Hot Stream No. 80.0 FCp =
°

- Et’mﬁ ‘EfEJ’]‘VI E’f"?’l”ﬁW’El" I“f’l‘ﬁ °F i
Match No.
- SQM'] N ﬂﬁ zuuzwrmm ﬁ%l o
CuldStrmHalza Te =303.0°% Th=491.7 % FCp =
Match No. 7 Heat Load 2.5 MBtu/hr
Hot Stresm No. 5 : Th=383.0°% Tc=2339.0 ° FCp =
Cold Stresm No. 10 : Te = 304.33% Th=306.7 °F ©FCp =

83

Figure

0.1228

0.3526

0.0513

1.0545

0.0605
0.0606

0.0287
0.0474

0.1153
0.1200

0.1228
0.1735

0.0571
1.0545
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Match No. 8 : Heat Load 1.4 MBtu/hr
Hot Stream No. 7 : Th=346.0°F Tc=1338.0 °F FCp = 0.2059
Cold Stream No. 10 : Te =303.0°F Th=304.33 %  FCp = 1.0545

Hot Utility : Heat Load 112.88 MBtu/hr
Cold Stream No. 12 : Te =512%2 % Th=723.0 % FCp = 0.3526

|;'u* design is shown in Figure

5.8 (b). In all ;‘: 4= , and one hot utility
included. It is ob¥Blus.tHef nel have satisFied |
requirement of 112,85 MBud Ff as .\l\\\ e stream temperatures
are also shown on Figufe §.§ *_ \\w\ rntura driving force at
both ends of eve; ';;: SR FE) 7

J U]
 AuEINENINeINg
ARIANTAUNNINGIAY
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3, 0.2059
4%, 1.0545
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gg7° 2045 FCpm at Pinch
——O© 0,1228
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[2] .1667
g1t
[3] 7 0.0297
510° :
— £+ 1o} Ggos
B 0057},
~ NEIAY
346
[i} :I .2l :
|
|
y |
314 FE 1.0545
I
|1
L
|
512.2° & @) 307! |
123'._®%—”‘ B | - {13 0.3526
112,88 O I

Figure 5.8 (b) Above-the-pinch design
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Heat Load
93.2
25.0

8.1
10.3
2:9

1.4

11.6

202.0

Heat Load
53.2
25.0

8.1
10.3
2.0

l.4

11.6

202.0
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2. Design Below the Pinch

Likewise we calculate the heat loads between either
the inlet or the outlet temperature and the pinch temperature for each

stream. The calculating procedure is similar to that for the-above-
pinch design.

Stream No. 8 (MBtu/hr)

Hot stream :
i = 18.5
3 = 6.5
4 = 12.0
5 = 11.4
=] = 5.0
7 = 33.6
8 = B88.2
9 = 22.8

Cold stream
11 = 58.2
12 = 10.8

‘o LY
ﬂ : ﬁ Wf] follow the same
concept, but ﬁgﬂmﬂmmm mj:rnrm of "sbove-the-
. GI"N“‘]&W&S’MWT’Q A
pinch. 9For a feasible match we require that FhCph FeCpe. The
stream matching conditions corresponding to Figure 5.8 (b) are listed
as below.

Match No. 8 Heat Load 3.8 HMBtu/hr

Hot Stream No. 1 : Th=338.0° Te=308.0 °° FCp = 0.1228

272.0°% Th

Cold Stream No. 12a : Te

n
n

303.0 °F FCp = 0.1228



Hatch No. 10

Hot Stream No. 3

Cold Stream No. 12b :

Match No. 11
Hot Stream No. 4

Cold Stream No.

Hatch No. 12
Hot Stream No.
Cold Stream No.

Mateh Ho. 13
Hot Stream Ho.
Cold Stream No.

Match No. 14
Hot Stream No.

Cold Stream No.

Match NHo. 15

Stream N§j 1la :

Hateh ﬂ 'y ﬁN ﬂﬁMWIQMEﬂ Y

Hot Stre:m No.

Cold Stream No. 11

Match No. 17
Hot Stream No. 4

Cold Stream No. 11

Heat Load 0.8 MBtu/hr

Th = 338.0 °F
Te = 272.0 DF

Te = 308.0
Th = 303.0

Heat Load 1.9 MBtu/hr
Te =

Th

3380 °F

Te = 1

Th = 252.0 °F
114.34 °F

Te

Te
Th

1

308.0

| Heat Load 28. I‘.'.'Il HBtu/l'y
ot 1124 o) e L N
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FCp = 0.0287
FCp = 0.0291
FCp = D.0805
FCp = 0.0615
FCp = 0.0571
FCp = 0.0582
FCp = 0.2059
FCp = 0.0809
FCp = 0.1228
FCp = 0.0899
FCp = 0.2059
FCp = 0.2380

243.3 °F FCp = 1.3723

134.8 %F  FCp = 0.0699

Heat Load 10.1 MBtu/hr

Th = 308.0 °F

Te = 80.0 °F

Te
Th

120.0 °F  FCp = 0.0805
114.34 °F  FCp = 0.0888
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Cold Utility No. C-18 : Heat Load 7.51 MBtu/hr

Hot Stream No. 1 : Th=1241.3°% Te=120.0 °F FCp = D0.1228

Cold Utility No. C-19 : Heat Load 5.6 MBtu/hr
Hot Stream No. 3 : Th=1308.0°% Tec =120.0 °F FCp = 0.0297

Cold Utility No.

Hot Stream No. °F  FCp = 0.0571

Cold Utility No.

Hot Stream No. °F  FCp = 0.0333

Cold Utility No.

Hot Stream No. °  FCp = 0.2058

Cold Utility No.

Hot Stream No. °  FCp = 1.3723

Cold Utility No. G

Hot Stream No. °  FCp = 0.2832

The ‘cu:plute da&iﬂn for the below pinch is shown in

meﬁﬁiﬂu% ¢ 7 fat. rejected to cold

utility is = 130.8 I'[Bt.u.fpr ‘Hh:l.r.‘:h :|.s identical t.a the predicted

m——— WW THASHHA B B e

and nu!d utilities are 9 and 7, respectively. Also, the temperature

driving force at both ends of every exchanger is either 36 °F or

greater, so the design is always feasible.
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58.2 0.3031 1| 272« 'd
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10.9 0.3528 w=a L3 A e L {17
11 O '1
[
i — O

Figure 5.9 (b) Below-the-pinch design
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3. Complete MER Design

The complete MER design is obtained by merging the two
subnetwork “above” and "below” the pinch, with the result shown in
Figure 5.10. The total heating load is 112.88 MBtu/hr, while the
total cooling load is 130.8 MBtu/hr. The whole network consists of

seventeen exchangers, one heatér d seven coolers. In other words,

sisumption, the original design
as 167.31 MBtu/hr of
total cold utilitigsl® Jfiofafre oix MER'design, 72.9 MBtu/hr (or
‘5 MBtu/hr saved from hot

i
U

AULINENTNYINS
RN IUNRINYINE
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[n]
P

1nz.se8

Figure 5.10 MER design and First evaluation
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5.5.3 Design Evolution - Relaxation

It can be seen that, though highly energy-efficient, the
MER design pays a heavy in terms of additional heat transfer area and
number of units needed for modification. An obvious strategy to adopt
in evolving the HER design is to increase somewhat the heat load of

L

the fired heater, perhaps up tc e maximum capacity of the existing

equipment. jective 35 £0 ¥ “#the number of exchangers in our

exchangers (which we dfitultive] ‘_ pect W substantially reduce the
capital costs) at S : tly more energy (which
will inecrease the op ting this strategy, the

resulting alternativel désigs B8 Shown in Figure 5.11. The

interchanged losds and t ﬁ} -G ergtures are chosen so as to
J

ensure maximum m:patlbl l-ﬂ-‘ he existing plant. The total

heating load is 126.1 i$ 144.0 MBtu/hr (more in

- more out comps '-’V- f’i elve exchangers, one

|'t
heater, and eight e lers are reguired. d his design evolution we

o Tjﬂﬁﬁiﬂﬂiﬂf e T

thWMﬂ‘im NM’TJWEI’W@EI
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9.9.4 Summary of Energy Consumptions
By using the pinch design method, we have established a

strategy for the effective improvement of process heat recovery. The
total energy consumptions for the MER design and the relaxed design

are compared with the base case 1“:i.n Table 5.6.

Table 5.6
.*;.;Jr' j t,]_ H“:M‘kx x SG?]-.DB.

/é&\ | ot Cooling
i 5 Water

1. Base case 0
2. Relaxed 13.39

design

21.71

3. MER design

ﬂuB’JVIEWIiWEI’lﬂ‘i
’QWWNﬂ‘iﬁU UNIAINAY
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5.6 Energy Utilization Disgram and Exergy Loss in Process Integration

In the previous section, the evaluation has been based
essentially on the Pinch Design Method. The design “relaxation”
offers a method to reduce the capital costs over a slight increase in
operating costs. In this section, the exergy analysis method

introduced in Chapter III will lied to FPlant #3 of the Bangchak

. 3 %&efﬂ insight into the
AL \‘\\\,‘ s system, which is one

"u\: er thermal efficiency

Petroleum Industries (B.P.

The exergy
effectiveness of eners:

of the keys to ef ,in system design and
operation. The fund=wenj .
of the new designs wi the aid of the Energy-
Utilization-Diagram (BUD suggestions made to

further improve their

Ut:i lization Diagram

m i” tlw dmm D-f tm
heat exchanger netﬁr K =
relaxed design) usmq;'lg Pinch Des@ Method. Here their EUD's will

o s 5 T VBB o e oo

lnssasandal thmyi‘ﬂdegrada on in ene

ARNQINIUNNINENRE

Figure 5.12 (a) shows the Temperature-Enthalpy (T-H)

case, MER design, and

Diagram of the refinery base case. To construct a EUD for the same
case, we use the same abscissa axis (H) as the T-H curve, but change
the coordinate axis from the temperature {QF} toc the availability



86

factor (A) defined as
A = 1- (To/T)

where A availability factor

To

1

reference (dead-state) temperature {OR} -
(537 °R or 77 °F)
LY

T = temperature (
\

!
\

The conve of 4560 are tsbulated in Tables 5.7

(a) and 5.7 (b),
To find the shaded arg

FIVETLY for the ot 8nd cold composite curves.

v loss, we apply the Simpson’s

Z///AN
TR

for each integratic lefvh] are sted din cglumns 6 and 7 of Table

rule of numerical ‘ i ues of A and delta H

5.7. Then the integrdl #r ) *‘-\ ot and cold composite curves

are readily calculatedfas sHows last golumn of the table.

\

To i 2¢ha ‘sha rea of interest, we have to

substract the tots “V curve from that

below the hot compesi % is thos determined in
Table 5.7. E i

AULINENINYINS
RINNIUNRINYAE



Table 5.7 (a) Energy level and exergy analysis of the
hot streams in the Base Case

g

b M=

RO. TEMP TEMP A = 1-To/T CUM H DEL H AVERAGE
(°F) (°R) (MBtu/hr) (MBtu/hr) A (MBtu/hr)
1 100 560 0.0411 0.0000
o 120 580 0.0741 5.2640 5.2640 0.0576  0.3032
3 176 636  0.1557 ‘20,6968  24.4328 0.1149  2.8073
4 180 640 32 2.5688 0.1583  0.4066
5 187 647 374 ! 0.1655 0.8067
6 252 712 j 0.2079 25.5663
7 270 730 ' 0.2551 - 2.3858
8 346 806 0.2991 11.0531
9 383 843 0.3484 3.6142
390 850 - 0.3856  0.5820
510 70 0.4073 18.2627
540 1000 0.4547 4.5970
811 1071 0.4808  5.8135
697 1157 0.5172  6.2542
Total area @ = B3.5526
Overlapping = 148.40 = B81.5928
Yotal area g 165.1454
i Et?k _‘<7 e, ke and exere blveis of the
TEMP  TEMP 1-To/T CUM H AVERAGE AREA
(°F) A (MBtu/hr)
au

" um 2255042 531952 0.1360
0.2962 ¢ 240.1362.. 14.68320 .0.2813

R YA B HIAT) ﬁﬁaamﬂ 5o

Tntala:umﬂertl‘amldmlmmm =

Shaded Area Exergy loss = 165.1454 - 99.3512

:

]
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Figure 5.12 (b) shows the EUD of the refinerv base
case. The ocurve on the upper left hand side represents the energy
level Aed for the heat donating composite curve wversus the amount of
released heat, dHed. Similarly, the curve on the lower right hand
side represents the energy level Aea for the heat-accepting composite
curves versus the absorbed amount of heat dHea. The shaded area
T’ : the amount of exergy loss in

the whole heat-exchange dt1on. ﬁj

—
exergy loss. The fi '

or regimes cmtri:btnte to
) is located at a high
energy level (A = O I) is seen at the pinch

point (A = 0.324) . he low energy level (A

= 0.216). The tofl Sxgbdy -tose is\B5.7942MMBtu/hr, ss shown in
Table 5.7. The total n the abscissa is 316.71
MBtu/hr, i.e., 167.31JME ity and 149.4 MBtu/hr of hot

utility.

1 the present refinery

pProcess covers Vf _ \‘ and gives various

possibilities to :.ﬂove the effec vmmo ergy utilization. In
order to ? m to systematically
reorganize :ﬁm m dlffarmm The MER
design m‘(ﬂ analyzed to
smcmmm mlﬁﬁjj
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2. MER Design ,
Figures 5.13 (a) and 5.13 (b) show side by side the
T-H disgram and the EUD of the above MER design, respectively. The
method of EUD construction involves exactly the same procedure as in

the base case design. Anyway, th& basic data and calculation results

of the hot and cold compo 1 r
By colB8Fifig-the X wa design (Figure 5.13,b)

with that of the base™®z Fisure 5.12.b),; we see that the total

are provided in Tables 5.8

(a) and (b).

utility consumptio s reduced from 316.71

MBtu/hr to 243.78 M quivalent, | {, reduction (as has been
determined by the improvement in  energy
efficiency is a resu the exergy loss. As seen

in Figure 35.13 (b .=\,,; decrease in

irreversibility, mainly beg smore effective stream matching.
In addition, Bin @;_+_‘?A <), the medium-and low-

grade thermal ene ’_: \‘

] . )

shaded areas of regimes (I), (II), and

e ﬁw A A T T o vt o

(II) (around the pinch point). More spgcifically, #he exergy loss

oA TS S SUUAINED A Y s e

85.78 MBtu/hrto 45.3561 MBtu/hr, or 35.82 X. This reduction is quite

remarkable.
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Table 5.8 (a) Energy level ard exergy analysis of the
hot streams in the MER design

NO. TEMP TEMP A = 1-To/T CUM H DEL H AVERAGE AREA
(°F)  (°R) (MBtu/hr) (MBtu/hr) A (MBtu/hr)
1 100 580 0.0411 0.0000

2 120 580  0.0741 5.2640 5.2640 0.05768  0.3032
3 176 636  0.1557 29.6968  24.4328  0.11439  2.8073
4 180 640  0.1809 322656 2.5688  0.1583  0.4066
5 187 847  0.1700 \ 5.4796 0.1855  0.9087
6 252 712 122.9735 0.2078 25.5683
7 270 730 9.3528 0.2551  2.3858
8 346 806 5.9588  0.2991 ° 11.0531
9 383 843 0.3484  3.5142
10 390 850 0.3856  0.5820
11 510 970 0.4073 19.2627
12 540 0.4547  4.5870
13 611 0.4808  5.8135
14 697 0.5172  6.2542
Total area ' e = 83.5526
Overlapping _ 'Q'-: x 112.80 = 61.6547

Total area u furve 1452073

Table 5.8 alysis of the
NO TEMP AVERAGE AREA
(°F) (mwxhr} (mt:mm) A (MBtu/hr)
L 2 AYLEUEINTaA

2 272 0.1360 7.9131
3 303 0.2962  203.6 14 .6 0.2813 4.1159
4 314 w 0. :mz i’zzuarma 16. ':915 u: 3012 5.0576
5 ¥ e : 53 € @ 82.2646
ﬁotalammﬂerﬂnmldmtem = 99.3512

=  45.8561

Shaded Area = Exergy loss = 145.2073 - 899.3512
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3. "Relaxed" Design

Similar to case of the MER design, Figures 5.14 (a)
and (b) represent the T-H diagram and the EUD of the relaxed design
case. The basic data and calculation results of both hot and cold
composite curves are provided ,respectively, in Tables 5.8 (a) and
(b).

EY l:!‘fr" «‘*“ e ", '-’ the relaxed dﬂﬁm case

-‘
wre 5.12,b), the total

bscissa is reduced from 31B.71
MByu/hr to 270.18 ivalent fo.about 15 X compared to the

base case.

éa in the diagram, the
exergy loss in the g l ystemyis) 53.1193 MBtu/hr. This
means a 19.23 % reductior//frém the ase design. However, this
corresponds to a slightly-taihe: pss as well as higher utility
T ..i;:_T77__fTT?1_*_______f_=?ahJ-y‘dhmnnnmd in the
previous sactiun,!ﬂut . a'Pena]ty in terms of a higher
number of extra mqu:.rad Obviously, further
s %%wa%am o i . 0
bastaltemavadaﬁim The matter will be considerd in the next

et W} TRNT 3TN NWI’JV]EH& d



106

Table 5.9 (a) Energy level and exergy asnalysis of the
hot stream=s in the relaxed design

RO. TEMP TEMP A = 1-To/T CUM H DEL H AVERAGE AREA
(°F) (°R) (MBtu/hr) (MBtu/hr) A (MBtu/hr)

1 100 560 0.0411 0.0000
2 120 580 0.0741 5.2640 5.2640 0.0576 0.3032
3 176 636 0.1557 ©9. 6968 24 .4328 0.1149 2.8073
4 180 640 ! 0.1583 0.4066
3 187 647 0.1655 0.8067
6 252 T12 0.2079 25_5663
T 270 T30 0.26561 . 2.3858
8 348 BOG6 0.2991 11.0531
2 383 843 0.3484 3.6142
10 390 850 0.3656 0.5820
11 510 a70 0.4073 19.2627
12 540 1000 0.4547 4 .5970
13 611 1071 0.4808 5.8135
14 697 1157 0.5172 6.2542
Total area i = 83.5526
Overlapping 61 x 126.20 = 68.9178
Total area unde u f i te ve 152.4704

Alp‘f’ﬂ"{ F" ;
AT
Table 5.9 (b ysis of the

NO. TEMP TEMP A = 1-To/T  CUM H EL H AVERAGE AREA
(°F) (°R) ‘a (HBt:u@r} (MBtu/hr) A (MBtu/hr)

: au : ;u
2 ‘ 0.1360 7.9131
3 213 B"ZTZ 14 Q,P .2B13 4.1159
4 12 5.0576
: Wﬁﬂﬂﬁ“%’m%ﬂﬁ% 2. 7047

ntalamamﬂarttemld composite curve = 99.3513

Shaded Area = Exergy loss = 152.4704 - 98.3513 53.1181

1
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5.6.2 Summary of Exergy Losses
The EUD's of all the three design alternatives have been

constructed. Next s comparative analysis of the exergy loss expected

in each design is illustratred in Table 5.10.

N
| \%u ‘
2. Relaxs A \\ 15.85
3. MER Degfs } \\\ 0.0
| Az P\
The exerg ‘onédfintersd in the base case is

significantly higher ths o design alternatives. It is

clearly reflected) 11 ngnts and lower energy
efficiency of Shé S #ifns the validity and

AULINENINYINS
RN IUNRINYINE
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5.7 Energy and Exergy Analysis of the Modified Plant

As mentioned earlier in Section 5.1, Plant No.3 of Bangchak
Petroleum Industries was the one being operated and it was modified
in 1888 to upgrade its daily rated capacity. The work was carried out
by the consortium of Toyo Epgineering Corporation, Italian-Thai
Development Coporation, and T

Wﬂnpnratlm
Before modifi: ‘ &ur analysis has shnwn that

it has rather low energy.ef ienjcy &b -' “anlarge amount of mrﬂy loss

in the heat exchangesficstuly Has jdentified. In this section,
an evaluation on th modified plant will be

\ one wWith the original

R

carried out 1in

plant.

beent designed to process 65,000

barrels of crude oil = t, the feed crude is

heated upto the bp¥ -3 Lo produce the desired

products such as n&thﬂ, kerosene, diesel 0@ gas oil and fuel oil.

| H B FR G WA wmor oo

the feed crudélis given by a f‘;red {plpﬂtlll) he:at.er and & series of
= QEASIRTOHIA AR A o= o

Energy conservation in the restructuring project  has
naturally been focused on the minimization of fuel consumption in the
fired heater. For this purpose, additional heat exchangers have been
installed in the feed train to recover even more heat from the hot

effluents from the topper to the extent economically justified.
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5.7.2 Stream Data and Utility Requirements of the Modified

Plant

A simplified process flow diagram of the modified
plant is shosn in Figures 5.15 (a),(b),(c). Figure 5.15 (d) is the
grid diagram of the new heat exchanger network showing the stream
temperatures, heat load, and ‘

ings of the process streams. The

The aveilable defign @ata"Fives the following utility
- consumption of the madITa€a pl= ‘.r- ho itility reguirement 125.88
MBtu/hr, and cold utidity" oés

) U]
AULINENINYINS
RININIUNNINYIAE
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Table 5.11 Stream data of the modified plant

116

A) Hot Stream
Ro. Stream CUM H FCpm FCpm
MBtu/hr ) | (dH/dT) |(Total)
1 |Reduced crude 56.8903
40.6396 | 0.1079
Z8.5344 | 0.1345 |0.1180
22.7385 | 0.1288
11.8254 | 0.1213
0.0000 | D.1113
2 |Gas oil 40.27T73
25.0397 | 0.1020 |0.0817
7.4588 | 0.0857
0.0000 | 0.0829
3 |Diesel oil = 34.1280
18.7284 | 0.1068 |0.0993
12.5796 | 0.1005
0.0000 | 0.0808
4 |Eerosene 21.7839
12.8560 | 0.1055
0000 | 0.0840 |(0.0984
9 |EKerosene C Ho . 7954
0.0000 | 0.8915
6 |Diesel o0il Circ.|426 50.5913
. |3 : 0.3691
ﬂu L : 0.3921 |0.3470
q .7019 | D0.3161
U.[IIE, D.3318
7 |- RERNRG WY o
q - - -
0.0000 | 0.1577
B |Gas/LN to A-101 |235.4 42 _ 8204




Table 5.11 Stream data (continued)

B)Y Cold Stream

117

Ho. Stream Temp. |Ht Exgr|Heat load| CUM H FCpm FCpm
(°F) NQ. (MBtu/hr )| (MBtu/hr) | (dH/dT) |(Total)
8 |C-105 feed i | 0.0000
i : : 15.3986 | 2.8516
10 |C-105 reboiler 5.6 0.0000 '
A55.0 : 6.1499 | 0.0712
11 |Debutane reboil. r;,ff 0.0000
/ . 6.3512 | 0.4291
12 |Deetane reboil. ﬁ' ~ 0.0000
6.2581 | 0.26888
13 |Desalter feed 0.0000
B5.7954 | 0.4154 |0.4193
: T4.7233 | 0.4509
14 |E-113 feed 245 0.0000
46 111.4382 | 0.5117
15 |Crude tower feed|465 0.0000
' bt ; 16.3507 | 0.5677 |0.8153
< 6404 --- v -"\t'. .3478 | 0.8642
- I

AUEINENINYINT

AMIANTAUUNIINYAY
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5.7.3 Energy Target.s by the Pinch Design Method

The minimum energy targets of hot and cold utility
requirements are readily determined with the aid of the present Energy
Targetting Software. Note that the smallest value of A\ Tmin in the
modified plant (Figure 5.15,d) is 18 °F at the cold end of match 6.

Therefore, the global /\ Tmin of 27 °F is selected as energy targeting

calculation.

A> THESIS

INPUT TEMPER ANITLOE (oF) or (oC)
IF TEMPERATURECUNTT B8 oF : KEY 1

IF :7:! THHREE: L’L!'-,“ H K.EY 2
i

—— ¥

o1 : :
HOT ETﬂAH No. 1 J

SUPFLY TEMPERATURE (gF) =

AL AR SN NS

HEAT CAPACITY FEOWRATE (BTU/hr-F)

RIRINIMNANINENAY

HOT S

SUPPLY TEMPERATURE (oF) =
558.4

"TARGET TEMPERATURE {DF}
120.2

“HEAT CAPACITY FLOWRATE (BTU/hr-F)
0.08917

HOT STREAH No. 3
SUPPLY TEMPERATURE (oF)
464 .0

TARGET TEMPERATURE (oF)
120.2

“HEAT CAPACITY FLOWRATE (BTU/hr-F)
0.0983



HOT STREAH No. 4
SUPPLY TEMPERATURE (oF)
341.6

TARGET TEMPERATURE (oF)

HEAT CAPACITY FLOWRATE (BTU/hr-F)

HOT STREAM No.
SUPPLY TEMPERATU!

= .
6 '

392.0 EC L
HEAL ! :
0. 155
HOT
SUPP
234 .4

EAH No. &
i&TEHPER&TURE (oF)

ATA :

COLD STREAHM No. 1
SUPPLY TEMPERATURE (oF)
288.4

TARGET TEMPERATURE (oF)

284 .8

HEAT CAPACITY FLOWRATE (BTU/hr-F)

2.8518

lenirabivhi fIM)ie8
- 0.3604 ¢ o o/
qm & SQQ_QQMW]’J Ne1a g

1

118
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COLD STREAM No. 2
SUPPLY TEMPERATURE (oF)
6

T&RGET TEMPERATURE (oF)
03

"

i

[y

HEAT CAPACITY FLDHR&TE (BTU/hr-F)

n

I
e
S

1

i
rry

o
n

COLD STREA
SUPPLY TEH ER

TARGET. TE
208 . B g .
“HEAT CAPACTTY FLOV BEE)

0.4193 2,
COLD STHLAH No. 6
SUPPLY TEMPERATURE (oR) =

L SANIINYN
aﬁﬂﬁi’ﬁ%iﬁ%ﬁ“ﬁﬁ“ﬁ' fga

§ COLD STREAM No. 7
SUPPLY TEMPERATURE (oF)
485.8

TARGET TEMPERATURE (oF)
6840.4

HEAT CAPACITY FLOWRATE (BTU/hr-F) =
0.8153

MINIMUM TEMPERATURE DIFFERENCE (oF) =
27.0
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HOT-STREAM DATA

" T —————

HOT STREAM SUPPLY TEMF. TARGET TEMFE. HEAT CAPACITY
No. . FLOWRATE

o o o o o o

178.80 .12

1 .40y

2 .40 ;", 120.20 .08
3 164,00 .\ ‘,i" 120.20 . .10
3 493

I?

8

-iiEU 20 .10
--.-jﬂﬂ 40 .88
280 .40 .35
.16

.36

—— i — o —

i —— —— -

COLD STREAM WEWE b TARGET TEMP. HEAT CAPACITY
' FLOWRATE

- — = - ———

¢ & 465. .80 . .82
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TSRS e S e e i e S ——

INTERVAL HOT — STREAM DEFICIT CUHULATIVE HEAT FLOW

No. TEMPERATURE OUTPUT
120.46
1
2 116.38
3 44 .56
28.21
4
5 10.38
6 6.16
- 4.37
8 14.862
g 21.88
10 22.23
21.82
11
15.82
12
15.85
13
.00
14
7.43
15
6.47
1B
275.00,, 3.85
17
ﬂ%scrmamw El"?ﬂﬁ 362
18
234 40 37.75
18
q mmmmzﬂma VHRY e
20 -41.48
188.40 78.87
21 -5.48 -35.98
178.860 84 .48
22 -5.73 -30.28
143.60 80.20
23 -5.38 -24 .87
120.20 85.58
24 .21 -25.08
116.80 85.38
25 3.77 -28.85

107.60 : 81.B1

T —— e e s S e e e i ———




. MINIMUM TEMPERATURE DIFFERENCE
PINCH IS LOCATED AT COLD TEMPERATURE
PINCH IS LOCATED AT HOT TEMPERATURE

o n

27.00
288.40
316.40

123

oF
oF
oF

K 2K KK KKK KKK KKK RO ENERGY TARGET 55 5 3k 5 4 5 5K 35 9K 5K 3 3K 3 o 6 0K K oK 3K K oK

MINIMUM HOT UTILITY REQUIREMENT
MINIMUH COLD UTILITY REQUIREMENET

Stop - Program terminatec.

nmn

120.486
81.61

BTU/hr
BTU/hr

: -wa the modified plant, we

and cold streams as

e performed in sect | \\ of the heat
exchanger network : "\\ \ Figure 5.1B.
Tables 5.12 (a) and " \ *,ﬁ all applicable hot and
cold streams for constpglic

Table 5.12 (= ~-Enthalpy diagram
A f streams)
No. CUM @

. 1 0.00

: | Teglz m;mm 130
3 g 1 39.80
4 198, 4 ds.s 25 . ED arss55.10
HPLY ik el

0 ’1 93
q7 : 166.86
8 341.5 : ; 213.03
g 382.0 50.4 33.05 246 .10
10 426.2 34.2 27. 75 273.8B5
11 464 .0 37.8 17.85 281.40
iz 532 .4 68.4 24.87 316.37
13 559.4 27.0 5.B6B 322.04
14 BB2Z.4 153.0 12.15 334.189
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Table 5.12 (b) Temperature-Enthalpy diagram
(after modified plant : cold streams)

No T (°F) Vi O Q CUM @
1 80.6 91.61 91.61
2 116.6 36.0 15.08 106.70
3 203.0 B88.4 42.38 148.08
4 248.0 167.85
5 258.8 178.01
6 289.4 183.67
9 294 .8 218,38
8 . 216.28
g 231.78

10 233.85

11 311.94

12 454.29

Of course,” be | ity estimation ,i.e., on the

software program and of the composite curves,

gave the same results as

emperature of

2. Minimum l?t utility rﬂqumt is 120.46 MBtu/hr.

*ﬁ%&l’ﬁﬂ I PR WA e

Note that the imum talperar.a;re dr:.v:.n,g force is set t.n be 27 °F.

RIAIRIUARI 0. T~

consumptions, i.e., 125.8872 MBtu/hr of hot utility (4.38 X above .
minimum), and 897.5413 MBtu/hr of cold utility (6.08 X% above minimum)
we may conclude with confidential that the process system design of
the modified plant ssatisfies the minimum wtility targets of the

maximum heat recovery.
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5.7.5 Energy Utilization Diagram and Exergy Loss

Follow the same procedure of EUD construction as
determined in section 5.6 (before modified plant), the comparative
analysis on the EUD of the after modified plant between base case and
MER is determined as below.

I

AULINENTNYINS
RN TUNRINYINE
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Table 5.13 (a) Energy level and exergy analysis of the hot

streams in the base case (modified plant)

NO. TEMP TEMF A = 1-To/T CUH H DEL H AVERAGE AREA
(°F) (°R) (MBtu/hr) (MBtu/hr) A (MBtu/hr)
1 116.6 57B.6 0.0687 0.0000
2 120.2 580.2 0.0745 1.2974 1.2974 0.0716 0.0828
3 179.6 639.6 0. 1604 ‘39.3356 3. 5882 0.1174 4.5328
4 1949 .4 659.4 0. 1856 55.0880 15. 2024 0.1730 2.6303
2 235.4 695.4 %, 24, U.2067 12.3474
B 273.2 733.2 49 0.2477 12,1611
T 280.4 740.4 2. 0.2712 0.7954
8 341.6 801.6 0.3024 ° 13.9617
9 392.0 852.0 0.3489 11.5687
10 426.2 886.2 0.3819 10.5971
11 464.0 824.0 0.4064 7.1347
12 532.4 992.4 0.4389 10.89585
13 5H59.4 "1019.4 0.4661 2.86387
14 6652.4 1122.4 0.4974 B.0453
Total area | = 85.4656
Owver lappiny 16 x 125.9972 = B65.7201
Total ares 161.1857
Table 5.13 (b)’nw ;u 1 adysis of the cold
i~ pa=e ce==eiwmbdified plant)
RO. TEHMP TEMF Q To/ E—v H  AVERAGE AREA
(°F) (°R) {HBtw’hr) (MBtu/hr ) A (MBtu/hr)
L gt BUUANURENTIn,
2 115 E I'J [ﬂ'}‘? 0.5686
3 A 155 0153 42 .3792 5.4823
4 ' 158 4.0715
5 72 2.4858
6 39 . 5966 3 : 4.189491
7 254% T754.8 0.2886 219.3234 19,7268 0.2860 0.6417
8 288.4 758 .4 0.2918 222 2088 2.8854 0. 2902 0.8375
9 311.0 7T71.0 0.3035 237.7143 15.50565 0.2977 4.6162
10 313.2 TH.2 0.3055 239.7841 2.0698 0.3045 0.6302
11 4685.8 925.8 0.4200 317.86895 78.0854 0.36271 28.3233
12 640.4 1100.4 0.5120 460 . 2209 142 3514 0. B6 . 3327
123,

.| 8

Total area under the cold composite curve

Shaded Area = Exergy loss = 161.1857 - 123.1889
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2. MER design

Similar to case of the base case, Figures 5.18 (a) and
(b) show the corresponding T-H diagram and EUD of the MER design. The
basic data and the calculation results of the hot and cold composite

curves are provided, respectively, in Tables 5.14 (a) and (b).

ﬂ'LlEl’J‘VIEWIﬁWEI’]ﬂ‘ﬁ
’QW'lﬁﬂﬂ‘iﬂJlmemﬁﬂ
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Table 5.14 (a) Energy level and exergy analysis of the
hot streams in the MER design (modified plant)

CUM H DEL H AVERAGE AREA
A (MBtu/hr)

(MBtu/hr) (MBtu/hr)

TEMP TEMP A = 1-To/T
(°R)

(°F)

D42EHBH m?mzﬁ && m

SSERSRRARERES | ¢

ﬂﬂﬂﬂ_ﬂuﬂnﬂ_ﬂﬂ_ﬂﬂ

TEREPERERI B

“BABINGR

mmmmmmm

Dﬂu_ﬂ_ﬂunﬂ

5261_42450204_44 ‘m M
LN IEEC LT D mm m .
32544245020444 o = m
SRREAERSHNENER

..(EBtufhf} (Hﬂtﬂjﬁrg

AVERAGE AREA
A (MBtu/hr)

TR

ﬂﬂ_ﬁhwﬂﬂ_nwu_ﬂﬂ

Total area under the cold composite curve
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The composite curves and EUD's of the comparing
between base case and MER design have been constructed. The
comparative analysis illustrated in Table 5.15.

.

Table 5.15 Summary of 1‘ er-Hodified plant evaluation
)

-—‘-‘ —

Enerow. Loneiacs h[ U N lng Elern? [Hﬂt{"‘hr}

Scheme
poling| Exergy |Reduction
.r’fﬁ TS % pr | mss |
I, Based Case | 0% _ﬁ . 37.9% 0
2. NER of| £ d.orpas. 15\ [ \o0 \ o8 | | 7.8
With thi€ pesui e obvious that the process

system of the mf::llfmd __Fg{%ﬁ . sfies the minimum utility
targets and ‘i—-- EMgh erlic]e -;_—_,__1" 'I.lEiI]E.
Z_ X
i : .
To l. 2 SrEyY loss @HER design) between
the after modified plant and the ordginal des is ,respectively,

35,1078 mﬁmwmw o G TS
modified plant is lower than®the inal plant
ot AN A AN TR s
mvolv:i.ngq change in process operating condition and revamping of the
topping column itself.



	Chapter V Application to and Oil Refinery Plant
	5.1 Plant Location
	5.2 General Process Description
	5.3 Evaluation Conditions
	5.4 Description of Case (Old Plant)
	5.5 Pinch Design
	5.6 Energy Utilization Diagram and Exergy Loss in Process Integration
	5.7 Energy and Exergy Analysis of Modified Plant


