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Appendix A
Computer Program Flow Chart

A) Main Program (_START )
IH,IC
L}

2
Lo o : DTHIN
NG~ [TSH, TTH, TSC,TTC : (°C)
: CPH,CPC H/°C

--------
I=1,1C

I

|

| ’

‘: T(2%IH+1) = TSC(I)
I

1

|

T(2*TH+IC+I) = TTC(I)
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Y

NUM = 2¥IH+IC+I-1 |

1

CALL SORTZ
T,NUM

(D

'*I

t".ﬂ

ﬂﬂ&l‘ﬂlﬁﬂ%ﬂ B1n3

ARIAN ST TING 1Y

CALL SORT A
TC, NUMC, INTV

il

r
H=10
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H=M+1 H = H+1
| THICI) = T(I) + DTHIN THI(I) = T(I)
|| ¥ a 1 )




e

I
!
|
I
|
L

/ !fg\x
///Ei ‘\x

\\\

Iﬁ':frﬁ - EL

m- i

—— e m — el = —

r

(aets .«
T ﬁ

ENTC(I) = CPC(J)*(THI(I)-THI(I+1)+ENTC(1))

_—— —— e = — —
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ST i =11/

THI(I) £ TSH(N
THI(I¥1) A TTH(N)
&

i

= NO

[ENTH(T) =veeHa +1)+mm1<1}:,

S

e e i /, F I \\\

,r-r-#
SRR _xﬂ‘"
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Y

CALL SORTA
ACCSORTA, L, INTV

\

ACCMIN = ACCSORT(1)
HEAT = ABS(ACCHMIN)

s LY
u: MY, ar o

e

ey

CUMIN = ACC(L)
HUMIN = O
THPINCH =
THI(INTV(1)+1)




8m,". ©

B) Subprogram SORTZ(X,J)

( soRT (X,3))
L
o
|
|
I
* READ
| N DI
BT
et

I
|
|
|
|
|
I
|
4
|
I
|
|
[
|

AUEIRUNE YN

RIAINTOCHI NN
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C) Subprogram SORTA(Y,J,ORDER)

~ (_SORT (¥,J,0RDER) )
b

Do A
1:1"]

A

Nl

r__.'i
|
|
4
|

| . LS
DO'B._ .\

&= 7\

&

| Aty )
| | SRE) 5 S8
! IP = OFDER(A1)
[ ORDER(A1) = ORDER(AL)
, | ORDER(AZ) = IP |
|
o s
I ) {D
I
L_ _____ .l




Appendix B
List of Energy Targeting Program

aOOoaoaooaan

wmmmmmmnr

C
Crcicloicicicioicicioicioicioioicieiok. TNPUT HOT STREAM DATA

RE&LTSC(lD
REAL TH(20),
REAL CPH(10)4ENT
REAL CPC(10),EL
REAL ENTP(304¥F
REAL ACCSORTA(3
INTEGER IH IC.

001 Fﬂﬁlﬂ{ Ii}
HRITE{*

N ,ﬂ:ﬁ T Wﬂmﬁz o
ek SRR B0y

IF(ITEMP.EQ.1) THEN

WRITE(*,105)
105 FORMAT(/6X, "HOT-STREAM DATA : ",/)
DO 110 I=1,IH
WRITE(*, 106)I
106 FORMAT(2ZX, "HOT STREAM No. ,I2)
WRITE(*, 107)
107 FORMAT(Z2X, "SUPPLY TEMPERATURE (oF) = ")
READ(*,002)TSH(I)
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002 FORMAT(FS.2)
WRITE(*, 108)

108 FORMAT(2X, "TARGET TEMPERATURE (oF) = )
READ(*,002)TTH(I)
WRITE(*, 109)

108 FORMAT(2X, "HEAT CAPACITY FLOWRATE (BTU/hr-F)")
READ(*,002)CPH(I )
WRITE(*,003)

003 FORMAT(® °) .

110 CONTINUE

WRITE(*,111)
111 FORMAT(/6X, "COLD-STREAM
DO 116 I=1,IC.
WRITE(*,112)1
112 FORMAT(2X, 'COLD SIRES
WRITE(*,113)
113 FORMAT(2X, “SUPE]
READ(*,002)T3
WRITE(#*,114
114 FORMAT(2X, "“TARGET E
READ(*,002)T
WRITE(*,115)
115 FORMAT(2X, -
READ(*,002)CPCI )
WRITE(*,003)
116 CONTINUE
Cc
Coicicioicicioiciciek. SPECIFY
WRITE(*,117) R
117 FORMAT(ZX . M TEMPERATURE DIFFERENCE! (oF) = ")
READ(*,00Z)UTHIN

'
C ,
mmmruu{ljmn' [N 00 iiiRisiRRRn IR
‘@
m@ﬁmm* DR P Ao
118 FORMAT A :

"HOT-STREAM DAT ',

SHNENIMNY ’I’Jﬂil’lﬂil

(*,120)

120 FORMAT(ZX, "SUPPLY TEMPERATURE (olC) =
READ(*,002)TSH(I )
WRITE(*,121)

121 FORMAT(ZX, ‘'TARGET TEMPERATURE (oC) = °)
READ(*,002)TTH(I)
WRITE(*,122)

122 FORMAT(ZX, "HEAT CAPACITY FLOWRATE (kW/oC) = )
READ(*,002)CPH(I)
WRITE(*,003)

123 CONTINUE
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Crciciciciolcioioioiciopiciocioioioik. TNPUT COLD STREAM DATA ool
WRITE(*,124)
124 FORMAT(/BX, "COLD-STREAM DATA : ~,/)
DO 128 I=1,IC
WRITE(*,125)I
125 FORMAT(2X, ‘COLD STREAM No. ,I2)
WRITE(*, 128)
126 FORMAT(ZX, "SUPPLY TEMPERATURE (oC) = )
READ(*,002)TSC(I) .
WRITE(*,127)
127 FORMAT(2ZX, "TARGET TE
READ(*,002)TTC(I)
HRITE{* 128) )

WRITE(X,003)
’ 129 CONTINUE 7

Ccioescicioek. SPECIFY

WRITE(*,130 L 4 .

130 FORMAT(2X, ‘MINIMUM TEMPE RATURE DIFFERENCE (oC) = °)
READ(* , 002 )D/EHIN | N

END IF

c | r

c I I I I I:Iululululn'm - i i | G TR ‘..l v L | A ek R R R
WRITE(*,131) | B "

131 FORMAT( 0",/

'lml‘

HEITE{*.lad :
134 FORMAT(T12,
WRITE(*,132)

g.;i‘gﬁ%mﬂmmm
Wﬁﬁﬂnimumqwmaﬂ
omumﬂmmm

PRINT OUT COLD-STREAM DATA
WRITE(*,137)
137 FORMAT( "0 ,//T33, ‘COLD-STREAM DATA",/)
WRITE(*,132)
WRITE(*,138)
138 FORMAT(TS, "COLD STREAM®,T23, "SUPPLY TEMP. ,T39,
*“TARGET TEMF. ,T54, 'HEAT CAPACITY )
WRITE(*,134)
WRITE(*,132)
DO 140 I=1,IC
WRITE(*,138)1,TSC(I),TTC(I),CPC(I)
139 FORMAT(T11,13,T23,F8.2,T40,F8.2,T55,F8.2)
140 CONTINUE
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WRITE(*,003)
WRITE(*,132)
WRITE(*, 141 )DTHIN
» 141 FORMAT( 0", /20X, "MINIMUM TEMPERATURE DIFFERENCE =",F8.2)
Criociooorck RESET TEMPERATURES TO THE SAME VARIABLE otooiokicioloiok
DO 142 T = 1,1IH
T(I) = TSH(I)
T(IH+1) = TTH(I) \
142 CONTINUE
DO 1431 = 1,1IC
T(2*IH+1) = TSC(L,
T(2¥IH+IC+I) =
143 CONTINUE

144 CONTINUE ' iy

NUMH = IH+I- b N

* J1 |l

C el

Croicicicicloioriciciciociciek. SORT CELD I'..:.
1,Ic S

TSC(1) ,-,,f-*ﬁ“ Ve
TC(ICHI) = ghm i ,.

NUMC = IC+ '-_"W r \'

2 CALL SORTA (ﬁ: JUMC, m

‘.SDRI' -INTERVALS scickictoiciooiioioiok

%%ﬁw&@mangwaqns

IF (T{I}-TH{J} EQ.0) THX = T(I)
146 CONTINUE
C
Cetcerciorx CHECE IF ANY T(I1) EQUAL TO ANY STARTING OR TARGET oekk
c TEMPERATURE OF COLD STREAM
TCX = 0
DO 147 K = 1,NUMC
IF (T(1)-TC(K).BEQ.0) TCX = T(I)
147 CONTINUE
C
Crxiociorr FIND TEMPERATURE INTERVAL FOR EACH SUB NETWORE okkkork
IF (T(1).Ba. TCX) THEN
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H = B+1
THI(M) = T(I)+DTHMIN

END IF

IF (T(1).EQ. THX) THENW
H = N+l
THI(M) = T(I)

END IF

148 CONTINUE
(-_: CALL SORTZ (THI,M) \

Creciocicicioiioicioiix. DELETE THE
THI(M+1) = 10000
E=0

DO 149 I=1,M

*ENTH(I) = CPH(
151 CONTINUE
ENTP(I) = ENTCGI)-ENTH(I)

S TN R

mﬁ%ﬂt‘ﬁﬁﬂﬂmﬂﬂﬂﬂﬂﬁﬂﬂ

HIHIHUH?AHIEWKE{I}&HDPIMITE‘IFER&WRE”
DO 154 I=1,L
ACCSORTA(I) = ACC(I)
154 CONTINUE
CALL SORTA(ACCSORTA,L,INTV)
ACCHIN = ACCSORTA(1)
HEAT = ABS(ACCMIN)

C

DO 155 I=1,K
HTFLOW(I) = ACC(I-1) + HEAT
155 CONTINUE

IF(ACCHMIN.LT.0) THEN
CUMIN = HTFLOW(E)
HUMIN = HEAT
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ELSE
CUMIN
HUMIN
END IF
IF((CUMIN.EQ.0).OR. (HUMIN.EQ.0) YTHEN
WRITE(*, 156)

156 FORMAT( '0°,//T37, "CAUTION ! )
WRITE(*, 157)

157 FORMAT(3X,/T14, “THIS PROGRAM IS THE THRESHOLD CASE.",2X,
*"THE PROGRAM IS NOT',/T6, DESIGNED FOR SOLVING IT.’,2X,
*“THE RESULT BELOW MIGHI'BE INC
*/T6, 'PLEASE CHECK IT B

| \\'\‘ 1

ACC(L)
o

"

WRITE(*, 160)

160 FORMAT(TS, "I ‘DEFICIT
*T44 , "CUMULATIVE
WRITE(*, 161) .

161 FORMAT(T11, ‘No. 19, URE ", 746, "OUTPUT ")

WRITE(*, 158)
DO 167 I=1,K

163 FORMAT(T20,
WRITE(*, 1641

unrm(x 165 )THI (K) , HTFLOW(K) o

" F”“’*}*TW‘EIWMEHWE
CRRIRNNIUANNINYAY

C
Crxciciok TEMPERATURE UNIT IN oF
IF(ITEMP.EGQ.1) THEN
WRITE(*, 168)DTHIN
168 FORMAT( /10X, ‘"MINIMUM TEMFERATURE DIFFERENCE
*4X, ‘oF ")
WRITE(*, 168 )TCPINCH
162 FORMAT(10X, 'PIRCH IS LOCATED AT COLD TEMPERATURE
*¥4X, "oF ")
WRITE(*, 170)THPINCH
170 FORMAT( 10X, "PINCH IS LOCATED AT HOT TEMFERATURE
*4X, "oF",/)
WRITE(*,171)

*»FB.2,

1l

*,F8.2,

",F8.2,

n
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171 FORMAT( '0",T8, “ siclolioloRitiIRIckIcoRk. ENERGY TARGET ©,OX,
* “soiclciclscicicoiciciclooicsk * )
WRITE(*,172)HUMIN
172 FORMAT( /10X, "MINIMUM HOT UTILITY REQUIREMENT =",F8.2,
*4¥, ‘BTU/hr ")
WRITE(*, 173)CUMIN
173 FORMAT(10X, ‘MINIMUM COLD UTILITY REQUIREMENET =",F8.2,
*4¥, '‘BTU/hr ", /)
C
Ccioex TEMPERATURE UNIT IR o
ELSE X
WRITE(*,174 )DTHIR
174 FORMAT(/10X, "MINIMUH TEMFERATULE
*4X, "oC”) -
WRITE(*,175)TCRINCH
175 FORMAT(10X, "PINCH _1S-1LOCATED

*4X, "oC") -
WRITE(¥ , 176) TG

176 FORMAT( 10X, "PINGH" L&
*4X, 'oC",/)

*

WRITE(*,171) 4 / LY )
WRITE(, 178)HUMIY ® )

1.?‘5 Fﬂm(fm; A \ '} ! dovm
*4X, "KW )
WRITE(*, 179)CUMT}

AuLINENINeINg
RINNIUUNIN Y
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= I(Al)

I(&l} = xmz)
X(AZ) =
401 f.IIﬂ'IﬂUE

301 CONTINUE
201 CONTINUE
101 CONTINUE

INTEGER J,A1,A2,

REAL Y(J),PAT
100 IF (J .LE. 1) GOTQ 10

DO 200 I=1,J

ORDER(I)=1
200 CONTINUE
300 DO 301 Al =+
400 DO 401 A2 <A1 + 1.0
500 IF (Y(Al) JE

PAT = Y(& '.

Y(A1) = Y(AZ),

- Y(AZ) = PAT

mn%@&mwmm




Apppendix C

Calculation Data

Table C.1 Direct fired heater data sheet

(F-10Q1 : Crude Heater)

1. FLUID CHARGE CRUDE 'STEAM
TOTAL FLUID 618, 150 33,780

2. INLET FLOW
VAPOR 0 33, 780
LIQUID ,150 0
MOL. WT. OF VAPQ 18
TEMPERATURE 444 289
PRESSURE 170 50

3. OUTLET FLOW
VAPOR 391,300 33,780
LIQUID 227,850 0
MOL. WT. OF VAPOR _ 158.7 18
TEMPERATURE TS 723 800
PRESSURE ~ . = ®sic 20 45

4. HEAT ABSORBE :] ﬂu149.4 5.1

5. HEAT LIB n "n ﬁ%t‘wng ;i'r z‘zf (OIL FIRED)

6. THERMAL qﬂg ﬂ (CALCULATED)

7. HEA IANT&CONV . )

&Nﬂim BN

8. FLUE'GAS TEMPERATURE (LEAVING)

9. AIR TEMPERATURE °F 770

10. FUEL CHARACTERISTICS

FLUE 15 oAPI CIL
HEATING VALUE (LHV) Btu/hr 17,500
FLUE CONSUMPTION

10,623.6 (CALCULATED)
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HEAT
NO. | BQUIPHERT °AP1 |EXCHANGE
ouUT (MBtu/hr)

1| B-101 |s.s. 199 | 35.0

TS, 176 | 50.9 35.0
2 | E-102 |s.s. 383 | 35.0

T.S. 29 | 43.9 8.8
3| B-103 |s.s. 510 | 35.0

T.S. 272 | 34.3 14.4
4| E-14 |s.s. 310 | 35.0

T.S. 390 | 35.3 59.5
5| E-105 |s.s. 310 | 15.3

T.S. 452 | 35.0 56.4
6 | E-403 |s.8. 314 | 76.6

T.S. 380 | 35.3 11.8
7| E-108 |s.s. 187

T.S. 89.2
8 | E-107 |s.s. 100

T.S. 100 22.9
9| E-108 [s.s 120 | 53.8

TS 115 5.0
10 | E-109 |s.S. 120 | 43.9

T.S. 115 5.15
11| 110 |ss. @ ?ﬂ’

TS, -, 7.86
12 E-111 4

W 14.6
13 | E-112 |S.S. : REDUCED CRUDE 241,040 | 384 | 180 | 15.3

T.S. : WATER 1,130,000| 85 | 115 22.6

Light naphtha, fractionator overhead, and fractionator overhead
product ,respectively, circulated in shell side of exchanger No.
E-403, E-106, and E-107 are two phase components. Their
compositions are detailed in Table C.4.

5.5. means shell side, and T.S5. means tube side.




Table C.3 Phase compositions of E-403, E-106, E-107
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Appendix D
Material and Energy Balance

D.1 Material and Energy Balance Around F-101

Data

Trput , T =444 °F, °PI = 35
Output phase = 227,850 1b/hr
20 °F) is 105.8 Btu/lb
2. 5Steam :
mt B -? Psiﬂn
Output : 59.7 psis,
3. Fuel oil : -
Feed 10,623.6 1lb/hr, T;*g
heating valuey<il¥y - 17 500 Bu/ib . H697,7 keal/kg fuel

4. Air : m ﬁ

T = 80 °F, 25 % eycess, density tDOC)-IEBZBkgfmn

. mﬂ:ﬂﬁﬁl’él‘l’l&lﬂﬁﬂiﬂﬂ‘i

%, Com hot air 4T 656 to 80 °F) = 0.267 Btu/1b-F

AR1ANNT w%wm&ahm

mt.ed stream " Super-heated stream
33,780 1b (1) = 381,300 1b
F—lDl

Crude feed (1) =M= -1— Heated crude

619,150 1b (1) = 391,300 (1b)
(g) = 227,850 (1b)

Air ‘—— Fuel 0il
182,732.6 1b 10,623.6 1b

Figure D.1 Material balance of crude heater
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D1.1 Material Balance Around F-101

To determine the amount of air for combustion, we use Boie's

Egquation [31]

Ac = (12.38)(H1-1100) m"~3/kg fuel
st ,

m"3/kg fuel
n"3/kg fuel

where Ao St \\?\-\:’:\ ly reguired for
A d for combustion
Go ically occured
G ly occured
Hl = low heHfTnt fuel (kecal/kg fuel)
m

Therefore, N
Ao =m12. I 0C i n"3/kg fuel

10000 |

ngs

Since, dmsiﬂ air (p)

MYNING g =

= 17.20 kg/kg fuel (or lb/1b fuel)

Total air feed = 17.20 1b * 10623.8 1b fuel
1b fuel

= 182,732.58 1b air

Go = (15.75)(8697.7-1100) - 2.18
10000

"

11.3814 m"3/kg fuel
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G = 11.38614 + (1.25-1)(10.84)
= 14.02 n~3/kg fuel

= 14.02 m™3 |[1.2928 air
kg fuel n"

= 18.127  kg/kg fuel (or lb/lb fuel)
Total stack gas = 18.127 1b * 10623.6 1b fuel
1b fue ,

= 1892,

Note that 1in Lhe iculation, we will use the
summation between geiBhe” 6f /fpel oi) Feed and air feed ,i.e.,

193,356.18 1b (182,788, 0, 678.6) 'as the “MRight of flue gas.

Input
crude feed (lig
saturated steam fee
fuel oil £

air rood X
ly

-

Tn'l'.al

mmmmwmm
" me \iiakek | (TRTE]

2% !supurhantad steam 33,780.0
4. dry flue gas 183,356.2
Total B846,286.2

Remark : Amount of water vspor entering as air humidity is substracted
from the amount of water vapor in the flue gas.
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Energy Balance Around F-101

1. Calculate Useful Heat to Hydrocarbon (H.C.) Crude

Temperature refence = 444 °F

calcula

Crude feed
618,150 1b

HC (g) = 227,850 1b
T=444°F /
- ‘T= '?ZSBF
Enthalpy of H T.= 444 to 520 °F

H 33.41 MBtu/hr
Enthalpy of H'C. M 1iquid phased: et'T = 520 to 723 °F
(°API = 42.5

H 59.04 MBtu/hr
Enthalpy of Wi o 723 °F
(Cpm = ='.-’ir[.

“"“‘"ﬁ’hﬁifmﬁ%”w I ..
THA T AR VIR e e o

result above is extremely closed to the designed data

(149.4 MBtu/hr) given in Table C.1, Appendix C.

1
721"

5201

444

H
Figure D.3 Enthalpy calculation diagram for H.C. balance
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2. Calculate Useful Heat to Steam

H . \ MBtu/hr

2. Enthalpy of 1 4 Bt \ 0 °F, P = 59.7 psia
H \\ )4  MBtu/hr

The net heat ' 5

5.11 MBtu/hr

Tm CALC L

design data (5.1 MBEU

] U
 AUEINENINEINS
PMIAATUAMINYAE

¥ Steaml above is equal to the

7]
ndix C.

|I }



Overall Energy Balance Around F-101

Reference temperature is 80 °F

Input MBtu/hr %
1. Enthalpy of fuel oil
a. sensible heat = 10623.6(0 48

0.54 0.28

b. heating value = 7
2. Enthalpy of air (T =80

185.81 89.71
0.00 0.00

186.45  100.00

Output A4\ MBtu/hr %
1. Useful heat to 5 A o 48.71 78.76
2. Useful heat to b i | 5.11 2.74

= 193356.18(0.267)(656-845 29.74 16.0

I',' [86.45  100.00

T B R T

ATl Ingnat
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Remark : Compared below are the results of the above calculation
versus the design data taken from the direct fired heater data sheet,
Table C.1, Appendix C. Little difference on each pair of comparison
has been obtained. This means that the data received from the plant
is quite accurate and reliable. ,

~ Design data X Difference

1. heat liberated 187.273 0.41

(0il fired)
2. heat absorbed
by crude 0.48
by steam 0.19
3. thermal efficien 0.0
4. heat to stack 0.0
5. heat loss

1.6 3.1

4

J i
AULINENINYINg
RINNIUUNIN Y
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D.2 Material and Energy Balance Around Exchangers

Table D.1 summarizes heat exchange between each pair of

streams. The design data are also illustrated for comparison.
Table D.1 Calculated heat load vs design data
for heat exchangers
FLOK (°F) |, |MEAT EXCHANGE (WBtu/hr)
NO.|EQUIPMENTY  FLUID CIRCULATING API
CALCULATED| DESIGNED

1| E-101 |5.S. : CRUDE by 0 34,98

T.5. & LIGHT DISTL 000 - 34,09 35,0
2 | E-102 |5.5. : CRUDE 9.52

T.5. : KEROSENE 92 B.41 8.8
3| E-103 [s.5. : CRUDE bibs0 14,14

T.5. & DIESEL 8, 10 |2 14,01 14,4
4| E-104 [5.5. : CRUDE bl 5072 | S0 12,98

1.5. : DIESEL CHN. s nﬂpp;]' T 12,87 13.4
5| E-105 [5.5. : REDUCED IV us | 153 52.18

T.5. & CRUDE U@: 2 35.0 52,51 56,4
b | E-403 [S.5. : LIGHT NAPHTHA 300,608 76.5 11.29

1.5, : DIESER,QI T 118, 3 11,59 1.6
7| E-106 |s.5. : FRACTIUMATOR OVAD | | 89.10

T.S. @ WATER — : 89.12 89.2

- —E h

8| e-107 |s.s. : Frac. oW pRoouCT g4, 469| 187 | 100 22.88
9| E-108 |S.5. § HEA Hag V|| &5 534 4.87

T.5. : GGRTER 250,000 | 95 | 115 5.00 5.0

- 5 o

o QY RN IR NRANY &

WU : #A , 1 | 5 5.15
1| E-110 g"5.5. : DIESEL 98,029 | 272 | 120 | 34.3 7.47

T.5. : WATER 393,000 | 95 | 115 7.8b 7.86
12| e-111 |5.5. : BAS'DIL 50,245 | 611 | 120 | 27.3 14,05

T.5. : WATER 730,000 | 95 | 115 14,60 14,6
13 | E-112 |5.5. : REDUCED CRUDE 241,040 | 364 | 180 | 15.3 21.55

T.5. 1 NATER 1,130,000 95 | 115 22,60 2.6

Reaark : - 5.5. means shell side, and T7.5. means tube side.
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Physical Properties and Coefficients
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Table E.1 Conversion table

Unacceptable unit Acceptable SI unit with unit
: conversion factlor

Sngstrom 0.1 nm*

atmosphere (standard) 101.325 kPa

Brut 1.055 056 k)

Biu/(1bm+"F) (heat cap 4.186 8 kI /(kg-K)*

Biufh 02939711 W

Biu/m? 11.356 53 kJ/m?

Btu/(ft? +h+"F) (hea{"fransn 5.678 263 J/(m" -5:K)

Biu/(ft? +h) (heat 0 3.154 591 J){m* -3)

Biu/(ft+h+"F) {thermal caffiy; 1.730 735 J)(m-s:K)
caloriet RN 4.1B6 BJ"
alfig-"C) (heat capacif ' 4.186 8 kJ/(kg-K)*
centipoise (absolujeWiscogity )/ - 1.0 mPa-s*
centistoke (kinemat -] LOX10=* m?/fs*
t"F) (t+459.67)/(1.8) K
t"R) 1/(1.8) K*
dyne 10.0 uN*
erg 100 pJ*
foots 0.3048 m*
i 9.290 304 x 10=* m**
ft* 2.831685% 10" m’
gallon (U5, liquid) : 3.785412% 10— m”
hmpnww (550 ft-lby, T45.699 9 W

2.54 ¥ 107" m*
in. Hg (60°F) (inches mercus -l" 3 3.376 85 kPa

in. H GIEU'F m: 24!!41?;

kgr {I:i.hln 5806 65 N*®
mile 1605.344 m*
mmH:IIII'C“.i_ 333:2::9.
poise (absolute vistos 0.1 Pa-s*

Ibf (pounds force) 4448222 N

lbm (pounds masi—avoirdupols) 0.453 592 4 kg

psi (pounds per ;qmdb pressure) 6.894 757 kPa
stoke 0~* m'/5*
mmmm ) b

E!ﬂ equivalence.

nluh er s as adopted
AR ..
055 B mochemical)
u cily 4.184 .l (See footnote § for Table 6).

: The foot is reported as the International Table value and holds for all cases of length in
this table,
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Appendix F

Cost Estimation Data

F.1 Heat Transfer Ares

The required transfer ‘'area, A, for a heat exchanger is

determined from the expressic

where

e
. e
ammmmu ANYA!

Hot siream inlet

AT,

Hot stream outlel
Distance from hot end —s

Figure F.1 Temperature profiles for a
countercurrent heat exchanger
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F.2 QOverall Heat Transfer Coefficients
The estimates of the overall heat transfer coefficients, U,

(including fouling and wall resistances) used in the present study are
listed below

System [ isuBtu/( ket 240F )

Condensing vapor _ 150
Condensing vapor toess f 20
Liguid to liguid 50
Liquid to gas 20

Gas to gas
l-al

AULINENINEINS
ARIAINTAUNNIING 1A Y
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-
F.3 Cost Data
a) Cost Index
Source : Chemical Engineering Journal, McGraw-Hill i
September, 1989.
L]
ECONOMIC INDICATORS
L BRET:T) L ET-T.1-]
= = — ——
INDEX
(1957456 = 100
AN JreB LiyE
Pedm Frsl  Frad
| - 3555 3556 3430
i WL owag
- -ITA. IAT 05, | Annual Index
= X MO wmTE
. 4038 4E17 427 1983 = J18.9
/L 4 3w 19684 = 322.7
2 :‘;; ;—: ﬁ: 1985 = 3253
P, s e 1988 = 318.4
LS MAS 25D 1987 = 323.8
| i ma @ nss 1988 = 342.5
Y AT 11 as I
| - =
(1928 = 100)
| 20 M0 0
WS 19es g8
BSLT BRAT B4GT
LEET I T A T
PRI BSa9 pE24
042 B92E A4
* BA4E [T ] —— —
i’-l :'L: xi Annual index
BEQT BSOS WD 1983 = 760.8
01 aBPT %23 | 4ons - TBO4
— 817rs
: 1985 = 789.8
‘ 1986 = 797.6
[
Mg ming 40 DOSE  peds 1887 = 813.6
10561 10452 too0s | 19BB = 8520
PO0S B8AT BAE D I

b) Cost of Utilities

4.30 US$/MBtu
0.021 US$/md

- fuel (unit cost as fuel)

n

- cooling water
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F.4 Cold Utility Calculation

a) MER design
Given : 1. cold utility saved by MER design = 35.32 MBtu/hr

2. Temperature condition of cold stream (cooling water)
Tin = 85°% , Tout = 115 9F

3. Heat capacity (Cp) of ‘ water is 1 Btu/lb °F
4. Density (o) BFeooling & 1 gn/cm™3

According to # ------ SES e e *--———:' volume , and the
density water is 1 ‘ or ‘

then, volume f.lcgmta = %.Tﬂ:xlﬂ cm”3/hr
CDERRENE STl ED

MIBNANLINL..

. mass flowrate = 23.31:;105

1 x (115-95)
= 1.18 x 10° 1b/hr
or = 528.B67 x ICI‘3 gn/hr
then, volume flowrate = 528.67 x 10 °  om"3/hr

or = 528.67 m”~3/hr
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