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ABSTRACT

The aim of this thesis is to examine the concept of
évailable energy (availabilitY) as applied to a petroleum
refinery. For this purpose two différentvparts of the
refinery were investigated. The first part, namely the
pPlant 5 of IPRAS_Refinery,'deals mainly with separation
and heat transfer processes. The second part, namely the
: Plant 6 of IPRAS Refinery, déals mainly with chemical
reaction processes. The data needed in the calculation for
Plant 5 were supplied by IPRAS. However, since Plant 6
ih&olves chemical reactions and in chemically reacting
svstems standard chemical availabilities are needed and
these standard chemical availabilities had to be simply
estimated because of the uncertain structure of fractions.
Therefore, the availability calculations carried out for
Plant-6 are quite appréxiﬁate and‘fhey are preliminary in
nature.

In addition, an availability analysis_was made for
éach equipment of Plant 5 to investigate where the availability
losses occurred. The majoritv of process availability
losses are in the furnaces, he;t exchaﬁgers before desalters
and in the-air and water coolers. The availability loss
of the overall process was also calculated for Plaht 5
by an overall balance.-For-Plant 6, on the other hand, the

availability calculations were made approximately only for
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the overall process because of the'iack_of necessary data.
In addition, an availability efficiency, which is also
called Second Law efficiency in literature,‘was defined
and it was reduced to suitable forms for different

equipment.
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OZET

Bu tezin am§c1 kullanilabilir enérji ilkesinin bir
petrol rafinerisine uygulan1$1n1incelaméktgga Bu. amacla
IPRAS petrol rafinerisinin iki farkla bélimii incelenmig-
tir. Birinci bolim Plant 5 linitesi olun genellikle ayirma
ve 1si1i aktarimi siireglerini igerir. lkinci bélim ise
Plant 6 Hnitesi olup genelde kimyasal tepkime siire¢lerini
igerir. Plant 5 hesaplamalari icin gérekli ham veriler
1PRAS'tan alinmistir. Plant 6 kimyasal siirecler icerdigin-
den akimlarin standart kimyasal kullanllabilir enerjile-
rinin bilinmésine gerek vardir. Akimlarin bilesimi tam ola-
rak bilinmediginden standart kimyaSal_kullanllabilir eher-

jileri tahmini olarak hesaplanmistir. Bu nedenle Plant 6

'igin.yapllan kullanilabilir enerji analizi oldukca yakla-

siktair.

- Kullanilabilir enerji kéylplarlnln olustudu yerle-
ri gbzleyebilmek igin Plant 5 linitesinin herbir birimi
ayri ayri incelenmigtir. Bu ﬁnitedeki 6nemli kullanilabi-
lir enerji kaylplarlnln firinlarda, tuz ayiricilarinin
Onilindeki 1s1 degistiriéilerde, hava ve su soéufuéularlnda
oldugu tespit edilmigtir. Ayrlca Plant 5 i¢in toplam kulla-‘
nilabilir énerji,kaybl; kullanilabilir enerji dengesinden

hesaplanmigtir. Plant 6 icin yeterli veri olmadigindan sa-

dece biitiin iiniteyi iceren yaklasik bir kullanilabilir ener-

ji hesaplamasi yapllmlst;r. Ayraca, kaynaklarda Ikinci




Yasa verimliligi olarak da_adlandlrllan kullanilabilir
enerji verimliligi Plant 5'in akim sema51nda gbsterilen

birimler icin uygun bir sekilde tarif edilmistir.
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0- INTRODUCTION

Most processes involve the exchange of énergy, in
the form of work and heat. It is essential that with the
rapidly rising energy costs, new processes shoﬁld be
developed or the existing processes should be improved to
increase the efficiency of energy consumption and thus

'deérease the amount of energy consumed.

The cost of energy depends not only on the quantity
used but to a very large measure on its quality. Conventional
energy analysié of a process commonly consists of conducting
energy balance around the process, an approach>based on
the First Law of Thermodynamics. The First Law analysis is
based on the quantity of energy, not on the quality of
energy. Different forms of energy have different gqualities.
The quality of an energy stream depends on the work available
from that stream because different energy sources produce
different amounts of work. For éxample;'one hundred Joulés
of eléctricity may be completely cpnverted into work.
Therefore, electricity is a high quality energy. On the
other hand 100 kJ of 101.3 kPa steam (loQ pressure steam)
may produce only about 18 kJ of work. Therefdfe low
pressure steam is a low quality enérgy. The work avaiiable
‘from an energy source 1is expressed in terms of a |
thermodynamiévproperty»called AVAILABILITY.‘Availability‘

(available ehergy) is the same as the theoretical maximum

L



work that may be obtained from an energy source when the
material in that source is moved bv completely reversible
~ processes into equilibrium with surroundings. The efficiency
of energy utilisation in processes can not and should not
be evaluated based on the First-Law of Thermodvnamics alone
since energy calculated from First Law is degradable
Therefore available energy concept, which is based on Second
‘Law of Thermodynamics should be applied for energy analysis
of processes. |

Although the concept of availability was given by
Gibbs and Maxwell (9) more than one hundred years ago, it
was only in recent years that it gained general acceptance
as an appropriate criteria for evaluating the efficiency
of chemicél and physical processes. A number of articles
available in the literature elaborate on the application
Qf available energy concept to various chemical processes
such as coal gasification (3,10), coal liquefaction (2),
sulfuric acid production (16), methane reforming (21), étc.
In{general, thermodynamic availability analyéis of processes

is a powerful tool that can pinpoint inefficiencies in

the processing steps, thus measures can be taken to eliminate

such inefficiencies. At least, the traditional energy
(enthalpy) balances must be supplemented by'availability

balances.



In this work, the concept of thermodynamic available
energy analysis was applied to Plant 5 and Plant 6 of
IPRAS Refinery. In Plant 5; enthalpies, entropies,
availabilities for each stream were calculated. Then the
loss of available energy for each ﬁnit was determined. The
availability loss was then summed over the total system,
to vield the total plant availability»loés. The availability
efficiency, which shows the efficiency of energy utilisation,
is calculated for each unit of Plant 5. For Plant 6, on
the other hand, the availability calculations were carried
out only for the overall plant and‘they are preliminary
in nature.

In this thesis, Chapter 1 covers the theory of
thermodynamics of availability analysis, Chapter 2 covers
introduction of equaﬁions neceséary for availability
analysis of Plants 5 and 6 in IPRAS Refinery and Chapter

3 presents results of availability analysis calculations

for Plants 5 and 6.



1. THERMODYNAMICS OF AVAILABILITY ANALYSIS FOR STEADY

FLOW PROCESSES

A steady flow process is a process in which the
temperature and mass at any fixed location do not change
with time, although matter and energv flow steadily into
and out of the proé;ss. Engineering equipment generally

‘operate undersuch condidons. Fig. 1.1 represents a steadyv

flow process. The mass entering (ml) at a temperature Ty

and pressure Pl'is equal to that leaving (m2) at a-

temperatﬁre T2 and nressure P2. Eneréy may enter or leave
through the walls of the process as heat (Q) or as shaft
vworkA(ws). Energy also enters and'leaves'as. enthalpy (H) ,

potential energy (P.E.) and kinetic energy (K.E.).

Fiqure l.l;~A.Steady Flow Process
Energy conéervation for a steady flow process can be written
as: _
Q -W,=AH +A(P.E.) + 8 (K.E.) (1.1
where Wg is the work output of a steady flow process. The

availability is the maximum amount of work which can be




extracted from‘thevsystem Qhen that system is allowea to
come into equilibrium with the surrounding_environment.
Therefore the cénditions must be examined to make shaft
work a maximum. | |

A gas system is selected to define availability
function and to show. the relationship between shaft work
and availability. Suppﬁse a gas system is in an initial
 state (1) thaf is not at the éame temperaﬁure, pressure
and concentration as its surroundings and it is moved by
a series of steady flow processes‘to a state (o) that is
in equilibrium with the surroundings. If the maximuﬁ work
is to be obtained from this change of state, the processes
from ité initial state to final state must be totally
reversible. The réVersible process must be such that heat
transfer occurs only when the system is at the temperature
of the surroundings, mass transfer occurs only after the
system has reached the concentratién of the surroundings
and all mechanical work effects occur without friction
and with infinitesimal =@ force imbélance. Therefofe,
processes must be chosen such that tﬁéy should transfer heat
only after the syétem‘has reached the temperature of the
surrbundings (q}) and transfer'matter to the surroundings
only when the system is at the pressure and concehtration
of the surroundings. | |

A possible,set of steady flow procésses is shown

in Fig. 1.2. The gas at its initial temperature Tl[ and
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insulgtion

Turbine
2

LR

'Figure 1.2. Gas Exranding Through Turbines
pressure Pl-flows at constant rate through a perfectly
insulated frictionless turbine I, where ithexpands
reVersibly and drives the turkine shaft. No heat enters
or leaves turbhine I. The gas cbols because it gives u»
energy to the turbine shaft.’The expansion continues until
the gas temperature falls to the temperature of the
atmosphere, To,‘at which poiﬁt it is transferred to a
second uninsulated turbine II which runs at T, The
pressure of the gas entering turbine II is P2. The expansion
in turbine II proceeds isothermally ﬁntil the pressure
falls to the pressure of the atmosphere (PO). Heat must
continuously enter the second turbine to maintain the
temperature at TO. |

Thesé pfocesses are shown-graphically;in Tig, i.3.
Process (1-2) occurs réverSibly and adiabatically.
Therefore it is isentrgpic; Pchess (2-0) 'is isothermal.

From Eq. (1.1), the shaft work from the above set of

processes must be:
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Figure 1.3. T-S Diagram for Turbines
W (reversible)z o (AH;_ -0, + 8(P.E.) 4 8(K.E.);_ ) (1.2)

Wg (reversible)is the total shaft work from turbines I and
II, and it is the maximum that can be extracted from a
material flowing from an initial state (1) to atmospheric
conditions (o). All the heat transfer occurs reversibly
so that

o ' ' .
Orev= ;/  Tds (1.3)
However, acording to definition, heat is transferred only
when the gas is at T,. Therefore Eq. (l1.3) becomes:
Then, Eg. (1.2) becomes:

Ws ,max= —(8H;_-T5a8;_ +a(P.E.) +A(K.E.) g ) (1.5)

l-o0
When kinetic and potential energy effects are insignificant,
" Eg. (1.5) becomes: |

W max= - (aH_~ThaS; o) 1.8
At this p01nt, we define A =W pay rwhere A, stands for

availability functlon. Then the avallabll&ty of a material




at state 1 with respect tc surroundings is written as:

A, = - (8Hy_ -T,8S; ) R S (1.7)
or
Avl: BH__ =T 8S_ 4 (1.7a)

Eg. (1.6) can also be used to calculate the least amount
of work needed in a steady flow process.

If a material moves through a flow process from an
~initial state (1) to a final state (2), that is not the

atmospheric conditions, availability change is given as:

AA\"iéé; (Ay'z-Avl):-(Ho-Hz—To (85-S5) )+(HO -H;~-T, (SO-Sl ))
or . '

- (H,-H,) - - .
AAVl-z-(Hz 1) TO(S2 51) , (1.8)

or in’genefal form
BA =AH-T AS (1.9)

Although Fqgs.(1.7)-(1.9) are derived by considering
a gas flowing through the process given in Fig. 1.2, these
equations are perfectly general AR, depends only on thé
initial and final states and is independent of path.
Similarly, AH and AS are the enthalpy and en£r0py changes
of a unit mass of matter moving from the initial state to
‘the final state and are independent of path.

Availability is computed with respect to a reference
state. In this work, for chemically.nonreacting systems,
availabilities are based on standard étmosphérekand Eq. 1.7
‘is used direcﬁly. When.considering avaiiability changes
in chemically nonréacting systems, reference state does

not effect the results. In chemical processes which

or g g




involve chemical reactions, since species change their
forms, the computation of the availability of reactive
chemicals is based on a reference state or rest state
defined in terms of " the products of combustion in the
form of H, 0 (liquid), Coz(g), etc. each pure, and in their
normal state Qf aggregation at 298K‘andv101.3 k?a(22).

In this case, the availability of any pure material at
298K and 101.3kPa is the negative of its standard free
energy of combustion, i.e, its standard free energies of
formation minus the standard free energies of formation of
its combustion products. This quantity is called STANDARD |
CHEMICAL AVAILABILITY and is shown by the symbol Av‘:

o]

- £ - ZAGjnj (all combustion products) (1.10)
o} _

Then the availability of any pure reactive material in
-state (1) with respect tc the standard reference environment

isz:

A = AV.+ﬂAV (1.11)

1 o) o-1 :

where A is the standard chemical availability and AAV

is the agailability change in moving the pure material ?;gm
standard reference environment to the state (1) and is
calculated by Eq.'(l.7a). If a material is a component of
a,teferehce state, then Avo‘is'zero and its:availability

is given by AAV . On}y. However, in a proce;s where there
is no chemical i;actiOh‘such as a separation proceSS,

there is no need to use the standard chemical availability

because Ay, of a materi;l in state (1) would be the same
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as A, of the material in state (2) and they would

o)
cancel out in evaluating availability change of the process
moving from state (1) to state (2). In that case

availability is defined according to Eq. (1.7).
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2- AVAILABILITY ANALYSIS OF PLANT 5 AND PLANT 6
)
2.1. Determination of Enthalny and Entropy of Petroleum

Fractions and Refinery Gases

In our analysis, enthalpy and entropy values of
petroleum fractions must be determined first in order to
carry out availability calcuiations for Plant 5 and Plant
6. For this purpose generalized correlations are used.
Given the temperature, pfessure, Watson characterization
factor and the OAPI of the petroleum fractioné,‘enthalpy,
entropy and thus availability can be calculated. The
enfhalpy values were supplied by IPRAS. But since entropy
Valués were not available, the same heat capacity correlations
were used to calculate both enthalpy and entfopy, thus
providing thermodynamic consistencyAin the calculations.
2.1.i Determination of Specific Heat

2.1.1.1 Specific Heat of the Petroleum Fractions

In 1933 Watson (26) proposed a‘correlation for the
specific heat of petroleum fractions in both the liquid
and vapor states. For the liquid state,
C ;(0.055Kw+0.35)((O.6811—0.3088G)+lo_4(T—46O)(8.15-3.068G)) (2.1)

where,

C_= Specific heat of liquid petroleum fractions, in Btu/lbm,

' . o
SG= Specific gravity at 60/60°F
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T= Temperature, OR

Ky=Watson characterization factor (=Mean average boiling

1/3

point, °R) /S8G) ,

For the vapor statej;
4.0-5G

Cp- ‘ (T+210) (0.12K,-0.41) (2.2)
6450 ‘

where Cp is the specific heat of the>vapor'petroleum

fractions, in Btu/lbm. Kw is also called "UOPK" and Kw

values for each petroleum fractions were taken from IPRAS.

The specific gravity (SG) is calculated from OapI:

SG= 141.5 ~ (2.3)
131.5+°API

2.1.1.2 Specific Heat of Refinery Gases

Refinery gases consist of organic and inorganic

components. Organic components are methane, ethane, propane

and butane; inorganic components are nitrogen, oxygen,
hydrogen and hydrogen sulfide. Compositions of the refinery
gases in Plant 5 and 6 are given in TABLES A.l.2. and

A.2.2. (see APPENDICES 1 and 2), respectively. The folbwing

heat capacity equations were used for organic and inorganic

gases respectively,
Cp= a+aT+vT2 (organic gases) (2.4)

Cp: a+bT+CT_2(inorg§nic gases) _ (2.5)
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where»Cp is the molar heat capacity in Btu/lbmoloF and.
T is temperature in K. Constants of these equations are
listed in TABLES A.l.3 and A.l.4 (See APPENDIX 1).
2.1.2 Enthalpy and Entropy of Petroleum Tractions
The enthalpy and entrOpy changes in Eq.v(l.7a) can

be exnressed as functions of temperature and pressure.

T y P . oV
Bgyz ['1 CpdT + [T (V=T (39 ) B (2.6)
O o
C o
2So_y= /71 _p dt + s°1 -(%¥)p dp (2.7)
TO T PO -

The first terms on the right hand sides of both of these
eguations show the’ temperature effects. They will be denoted

here by AHT and AST, resbectivelv:

- T
BH_1 o™ é 1 cpat : (2.8)
O
T, C - ‘ ‘
8So_y,m= 1 1 padt - (2.9)
T, T

The second terms in Egs (2.6) and (2.7) give the pressure
effects. They will be denoted here by AHp and ASP,
resvectively:

P | av) a
MHo g o= é 1 (V=T (5 p) - (2.10)

o
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‘ by
AS /71 (BT)p dp (2.11)

o-1,p ~
Po

If the Liquid phase can be assumed to be pressure independent,

pressure effect térm may be neglected. ;But during this
study, the pressure effect, although approximately, was
taken into account. The pressure effect on liguid enthalpy

was approximated by:

\Y
: cons
AH = (Vv -T Ap
o-1,p ( cons avffcong
or
T
AH - 1 (- 2Y yap \ (2.12)
o-1,p
j@ons cons
where T_,, is taken as the mean of the reference state

temperature and the operating temperature of the streamnm,
f%ons is taken as the densitv of petroleum fractions at
288K and Tcons is taken as 288K. The pressure effect on
liguid entropy was approximated by:
Aso—lfi - ﬁE___ T ' (2.13)
fcons cons

In both Eqs. (2.12) and (2.13), AP is PP
2.1.3 Enthalpy and Entropy Changes due to Mixing

Crude oil is fractionated into various refinery
products in Plant 5. The mixing effect must be.considered
for the separation units such as atmospheric distillation
column and vacuum tower. Enthalpy. of mixihg was>taken as

zero because of ideal solution assumption. The entropy

of mixing in an ideal solution can be calculatéd by:
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ASpix = -RIXjInx, (2.14)
2.1.4 Enthalpy and Entropy Changes in the Atmospheric
Overhead Vapor
Total enthalpyiand entropy changes of the atmospheric
overhead vapor containing overhead gas, LSRN and steam
were éaléulated_with respect to the same mixture at the
environment temperature TO and pressure»PO. In the

calculations, ideal gas assumption was made. The temperature

effect on the enthalpy is given as:

where yj represents mole fraction in the gas phase. Since
the pressure effect and the mixing effect on enthalpy
chénge for an ideal gas mixture are each equal to zero,
total enthalpy change can-be written as:

= z

pH o= sT1 3P y.co.dT (2.15)
TO .
The temperature effect on the entrcpy change is given as:

c_. ,
45 = 1 g yy —P= dr (2.16)
T, i

O—l,T

The pressure effect on the entropy is given as:

= -Rlpn — ' (2.17)

Po

o-1,p

If Eqs. (2.16) and (2.17) are combined, the total entropy

change can be written as:
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C : .
. - s}
85 . = fT1z™ y.RPL ar-pin —1o (2.18)
o-1 T iT P
o 1 (o]

2.2 Calculation of Availability of a Stream.

The'availability of a stream at the operating
conditions of T, and Py (state 1) is calculated by Eq. (l.7a)
for a chemically nonreacting system and by Eq. (1.11l) for

a chemically reacting system. In addition, availability

change for a separation system where ideal solution

assumption is made (AHse;R» in Eq. (1.9), is obtained as
follows .
. m
Assep = —-ASmix = R%xilnxi (2.19)
m .
AAVSGP:.—RTogxilnxi _ (2.20)

On the other hand, availability change for a mixing process

is given by:

e =

AA = —AA —= RT
vmix vsep e}

xilnxi (2.20a)
2.3 Available Energy loss:

A chemical process,'in general, may be simple or
highly complex. Any chemical process has as its goal the
conversion of raw materials into useful products. In the
case of 0il refineries, crude oil is fractionated into
refinery products. In order to achieve the fractionation,
an amount of work must be supplied to the system. Work
may be supplied in the form of shaft work or an equivalent

amount-of'heat,at any temperature. Thereifore, some form

of work is required to perform the-transformation from



initial to desired final conditions. In any process
requiring work, there‘is a minimum amount of work which
must be supplied to ensure the desired change from inlet
to outlet conditions. This work is called the ideal work
requirement. Any real process will require a greater
amount of work than the ideal work because all actual
processes are irreversible and any irreversibility results
in lost work. For a.realprocess lost work can be calculated
for different pieces of equipment and then summed up to

| determine the total lost work. Processes may be analyzed
to see what part of the actual work is lost in each
equipmenti Availability analysis is the best way to
pinpoint lost work throughrprocesSing steps as pointed
out in literature (2)

Available energy loss or the lost work concept is
described in literature. The destruction of availability
is due to entropy increase (4). In other words? loss of
work output or extra input is related to the entropy
creation (12). Thus loss of available energv is called
wasted work (6). The loss of-available energy for each
‘equipment can be calculated by summing up the'availabilities
of the inlet streams and sources and subtracﬁing the sum
of the availabilities of the outlet streams:

A =3 -3 . (2.21)
AVloss AY AVall
inlet outlet :

streams streams
and
sources

P sy
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The above equation does not distinguish an outlet stream
which is used downstream from one which is purged. Therefore

the following equation should be preferred.

AR = =T - I A (2.22)
Vioss all A all usable
inlet outlet
streams streams
and
sources

The total availability loss is the.summation of individual
availability losses of the equipment.
2.4 Availability Efficiency (nAv)

Availability efficiency may be defined simply as
the ratio of the outlet availability to the inlet availability..
But some of the outlet availability is practically
unrecoverable and therefore discarded. This definition is
not appronriate for each of the process unité. A more

" general definition could be made as (5):

LAy : + I AAy,

utility streams other than
W = generated source streams and purge streams (2.23)
AvT ray - 3 AR

utility streams which act as

supplied availability source

Utility generated aﬁd utility supplied could be heat,
electricity generated or supplied. Streams other than
source streams and purge streams differ from equipment to
equipment. For example in a heat exchanger, cold stream
represents the stream which is neither source or purge .
Stream, Aéain in a heat exchanger hot stream represents
the stieam which acts as the availability source because:

it transfers some of its available enérgy to the cold
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stream
2.4;1 Heat Exchanger

ihe main purpose of a heat exchanger.is to transfer
availability from one stream to another. The hot stream
provides the availability needed. Then Eq. (2.23) can be
written for a heat exchanger (5),

cold stream _ (2.24)

n, =
Ay -AAy, . .
hot. stream

2.4.2 Furnace

None of the streams provides any availability.

Availability change of a stream is provided by fuel supplied

to the sygtem. Then eq. (2.23) becomes (5):
v

. - streams ‘ (2.25)
Ay A
. Vsupp .
where A is calculated from fuel supplied. In our
Supp

analysis, heat supplied to the furnaces was taken from
IPRAS. Carnot eguivalent work, i.e. availability supplied,
was calculated by: .

o _
= Qq (1- —) | (2.26)

vsupp
: TH

where Qy is the heat supplied to the furnace, in kJ/hr,
TH and T, are the furnace and reference temperature,
respectively. A, is listed for each of the furnace
in Plant 5 and Pizii 6 in TABLES A.l.6-and A.2.5 (see
APPENDICES 1 and 2) respectively, |

2.4.3 Pump |

Availability efficiency for a pump is written




from Eq. (2.23) as;

na, -
N. = - Stream - (2.27)
da t 7
v A
V supp

where AVsupp is the work supplied to the system and
calculated by (Assuming electricity is used with 100%

efficiency)

A - V.AP | (2.28)

V AN
Supp N mech »
where V is the volume of a stream and AP is the difference
is

between discharge pressure and suction pressure, "mech

the mechanical efficiency taken from i1PRAS. A, of
supp
each pump for Plant 5 and Plant 6 are listed in TABLES

A.1.5 and A.2.5. (see APPENDICES™ 1 and 2),

2.4.4 Separator
TC

| .

Feed ’
\ Products

Figure 2.1.A separatoer

The process is driven by heat QH,entering the
system at a temperature Tﬁ. An amount of heat Qq leaves
the system at a temperature T,. If QH were supplied to a

reversible heat engine rejecting heat at T,, an amount of
?H-Tb

work equal to Qy (———

. ) T

) could be obtained. Similarly, an
H i
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; T T
amount of work equal to Qé('c O)could be obtained from Q .
- I'Ilv - - C -
Therefore, the minimum amountcof work which must ensure
separation is given by:
T T T, T .
: H-"0 &-"o0
Wmin = Qx ¥y Qe : (2.29)
TH . T:
c
HereW . is equivalent to Avéunn . Then the availability
efficiency by Eq. 2.23 can be written for a separator as (5)
oA, IR, :
8, = all us;ble outlet ; all irlet _ (2.30)
vooop(1-—2) - Q (1-—2—)
¢
TH Tc

However, if main part of the heat is supplied to the feed
of the distillation column in the furnace and if there is
no reboiler or condenser in the conventional sense, as in

our case, then Eag. (2.30) should not be used.
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3- RESULTS AND DISCUSSION

3.l»Plant 5 (See Fig. 3.1)

Almost every unit of the overall process was analysed
in order to determine the availability of each stream, the
loss of available energy in each eéuipment and to calculate
the availability efficiency. The symbols corresponding to
various units afe defined in TABLE 3.1.1

Enthalpies, entropies and availabiiities of the
Stream entefing and leaving the units were calculated by
using properties of streaﬁs given in TABLE A.l.l1 (see
APPENDIX 1). Results for each unit are listed in TABLES
A.3.1-A.3.13 (See APPENDIX 3). In the availability
calculations, it was observed that the magnitude of
availability varied most with changes in témperature. It
varied least with changes in pressure and slighfly changed
with Kw‘

It was observed that in the distillation column
(5C-2), in the stripper (5C-3), in the atmospheric overhead
drumA(SC—4) and in the debutanizer overhead drum (5C-6),
availability of outlet streams decrease because the available
energy degrades through the process. In the furnaces,5F-1.
5r-3, 5r-101 (See‘TABLE A.3.9) ana in'thé debutanizer
columﬁ, 5C-5, (see TABLE A.3.6) availability of the outlet.
streams increase because heat is supplied to these systems

(see TABLE A.l.6).Also an increase occurs in the outlet




availability of overall plant 5 (see TABLE A.3.13)

The availability analysis results given in APPENDIX
3 are summarized in fABLE 3;1.2. In addition, availability
losses and availability efficiencies of units-are presented.
The loss of available energy is defined bv summing up the
availabilities of the inlet streams and energy input, and
then subtructing from it the sum of the availabilities of
the outlet streams. Crude 0il is a mixture and is fractionated
into certain refinery products in atmospheric and and vacuum
disfillation towers. Therefore, availability change due to
separation must be calculated for these separation units
and overall plant 5. The calculation of separation
availability change for distillation column and overall Plant
5 is shown in examples presented in APPENDIX 5.

Availability efficiency expression given by Ea. 2.30
for a separation process coﬁld not be applied to the
atmospheric distillation column because of steam addition
directly inﬁo the column and addition of heat maihly in
the furnaces. In addition, there is no reboiler and
condenser in the distillation column and heat is removed
in the heat exchanger train. Therefore, instead the availability
ratio was used in this case. It is the ratio of the outlet
(0) availability to the inlet (I) availability. Availability
_ratiQ‘Was also calculated for other separation units
such as stripper (5C-3), atmospheric ovefhead drum (5C-4)

debutanizer overhead drum (5C-6), vacuum tower (5C-101).

e B e,
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~COLWUMINS and DRUMS

5C-1A, 5C-1 Desalters
5C-2 Atm. Distillation Colum
5C-3, 6C-A, GC-5 Strinrer

. 5C-4 Atm. O/H Dfum

5C-5, 6C-105 Debutanizer

5C-6, 6C-106 Debutanizer O/H Drum

5C-101 Vacuum Distillation Colurn

6C-1, 101, 102, 103, Reactor
6C~3 Drum

6C-2, 6C-104 Separator

HEAT

TURNACES DEXCHANCERS

5p-1 5E-1
5F-3 5E-2
5F-101  SE-3
6F-1 SE--4
6F-2 SE-16
6F-191  5E-104
6F-102  5E-105
6F-103  5E-106, 5E-107
6F~104 |

6E-101, 6E-104

X5 indicates Plant 5; 6 indicates Plant 6
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TABLE 3.1.1 UNIT SYMBOLSXﬁND MEANINGS IN PLANT 5 AND PLANT 6

ATR COOLERS WATER COCLERS

5E-6
5E~-7
5E--8
56-11
SE+13
5E-101

5E-102

5E-10
SE—lSF
SE-103
6E-2
6E-4
6E-103
6E-105

6E-102

PUMPS ~ PUMPS
5G-1 5G-20
50-2 5G-101
56-3 5G-102

5G-4 5G-104

50-5 6G-1

5G-6 6x-1, 6K-101
5G-7 6G-2, 6G-3
5G-8 6G-102

5G-9 6G-103

5G-10 6G-104



TABLE 3.1.2 SUMMARY OF AVATIABILITY™ ANALYSIS Or' EACH UNIT IN PLANT 5

UNIT
5C-2
(TABLE A.3.1)

5C~-2 and™
5F-1 and 5F-3
(TABLE A.3.2)

5C-101
(TABLE A.3.3)

5c-101 and
5p-1017%%%
(TABLE A.3.4)

5C-3
(TABLE A.3.5)

5C-4
(TABLE A.3.8)

5C-6
(TABLE A.3.7)

5F-1
(TABLE A.3.9)

5p-3
{(TARLE A.3.9)

-5
ZAvxlO
vInlet Streams

1647

708.2

1204

915.6

227.0

3.875
4.787
409.5

265.9

| zA\;do-'S

Outlet Streams

1481

1047

1063

1063

.219.8

2.825

3.775

921.3

617.6

A AVS'” X107

ep

118.0

118.9

18.38

18.38

AR

" Vsupp

2135

658.5

1297

837.3

x10

A,
(%)

.24.33

25.17

availability
o/I
(%)

97.09

89.81

96.82

x Availability unit used here is kJ/hr
XX A combined system shown in Fig. A.3.2;
xxx A combined system shown in Fig. A.3.4;
AN

v

Y -
loss Qutlet stream

V.
inlet stream

Msupp

see APPENDIX 5 for Ay, and AAvsen‘values'

B _AAVSep +

A xl()'_5
v

Total Inlet

1647

1204 .

227.0
3.875
4,787
1706.5

‘1103

A x10°
\ X107

Total Qutlet

1599

1081

219.8
2.825
3.775
921.3

617.6 -

123.0

7.200

1.050




TABLE 3.1.2 CONT'D

-5 -5 -5 -5 5 5x
“ TA %10 5A,%107° Augpgl0°  mAy  AXIOT A AR, %1030

‘UNIT : inlet streams - outlet streams (%) total inlet total outlet loss
5F=101 613.6 902.1 658.5 45.33 1272 902.1 369.9
sp-l 11.53 29.27 - 63.80 27.73 92.84 46.73 46.11
(TABLE A.3.10) | - | | |

SE-2 5.278 11.17 24.71 - 33.75 14.94 18.81
5E-3 C29.27 C 74.23 93.17 - 140.5 92.26 48.24
SE-4 11,17 36.02 60.49 - 78.19 42.55 35.64
5E-16 36.02 47.82 20.07 - 94.64 86.37 8.270
(TABLE A, 3.11)

SE-104A 143.1 20.31 62.62 - 287.4 284.8 . 2.600
SE~105B 203.1 26.22 62.45 - 395.4 392.0 3,400
SE~106A . 262.2 20.40 . 34,84 - 323.8 320.0 ~ 3.800
5E-104B  65.23 < 82.15 28.93 ; 137.4 125.3 . 12.10
SE-105A © 82.15 134.9 92.75 - 253.1 213.0 40.10

Hot stream provides availabilitv needed in the heat exchanger




TABLE 3.1.2 CONT'DH

EAVxl'O_S >:Avxl.0"5 - EAVsuprlOHS Ay zAVxlo‘5 Z‘AvxlO—S pByx19”
UNIT inlet streams outlet streams _ (%) total inlet total outlet loss
5E-1068 134.9 165.8 © 34.84 - | 196.5 192.6 3.900
S5E-107A  294.0 | 436.2 150.4 e 522.2 514.1 8.100
5E-107-B 165.8 229.5 81.28 - 394.0 376.5  17.50
56-1 1.382 16.92 23.45 - 24.84 16.92 '7.920
(TABLE A.3.12) |
5G~2 - 1.045 2.583 2.501 . 3.546 2.538 0.963
5G-3 82.38 , 83.33 | 1.663 - 84.04 | 83.33  0.710
56-4 111.2 111.5 0.9507 - 112.1 111.5 0.600
5G-5 143.5 14347 0.3682 - 143.9 143.7 0.200
5G-6 61.74 | 61.98 0.7820 30.69 62.52 61.93 0.540
56-7 77.76 78.14 0.8767 - 78.64 78.14 0.500
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UNIT
53-8
5G-9
5¢-10
5G-20
5G-101
>(+-102

5G~104

XAVleS.

Inlet streams
72.82
301.1
0.530
24.82

214.3

TABLE 3.1.2 CONT'D

rz: 19°
AT

Outlet streams
73.41
802.81
1.034
24.91
216.2
383.9

456.5

Brsuppd

1.757
4.132
1.492
0.190
5.234
3.569

3.391

o A,
(%)

23.02

xAvkl'dS

Total inlet

| 74.58
805.2
2.022
25.01
219:5
386.5

458.9

IAX10

Total oubet

5

73.41

802.861

1.034

24.91

216.2

383.9

456.5

AAVxlﬁ5

loss

1.170
2.390
0.988
J.100
3.300
2.600

2.400

XXXX
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The availability losses of air coolers and water coolers
calculated are shown in TABLE 3.1.3. In addition, TABLE
3.1.4 was prepared to compare the availability losses in

each equipment in Plant 5.

TABLE 3.1.3 AVAILABILITY LOSSES IN AIR AND WATER COOLERS

Loss of Available Energy

Air coolers (k3/hr)x10™*
SE-6 | 814.4
57 26.12
SE-8 50.87
SE-11 7.639
5E-13 374.0
5E-101 | 1193
SE-102 498.0
TOTAL | 2964

WATER COOLERS

SE-10 | 301.5
SE-15 | ~ 21.45
5E-103A/B 1972

5E-103C 673.3

TOTAL - , 2068




TABLE 3.1.4 THE PERCENTAGE OF THE AVAILABILITY LOSS IN

EACH EQUIPMENT IN PLANT 5

UNIT

5C-101
5p-1%

5Fr-3%
5F-101%

Heat eXchangers

before desalters

(TABLE A.3.10)

Heat exchangers
-after desalters

(TABLE A.3.11)

Air coolers
(TABLE 3.1.3)

Water coolers
TABLE 3.1.3

Pumps
(TABLE 3.1.2)...

Other losses™*

TOTAL LOSS

LOSS OF AVAILABLE ENERGY
(kJ/hr)xlO_S

48.00
~ 7.200
1.050
1.012
123.0
785.2
485.6

369.9

157.0
90.68

296.4
206.8

24 .54
8l.62
2678

*See TABLE 3.1.2

XX Jue to heat losses through ni

estimations.

% of the total

availability loss

11.1
7.72

0.92
3.05

pes and errors in availability

B L S pa——
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Overall availability analysis results for Plant 5
are shown in Fig. 3.2 Using Eg. (2.23) availability

efficiency for Plant 5 was calculated as:

-
TA =2678 x10°kJ/h

AA,= 14.70%10% kurhr oss
sep
LA, = 3.447x10KHhr (see’ APPENDIX 5) TA- 5524 X108k
inlet :
streams _ outlet
(see TABLE A.313) : Streams

(see TABLE A3.13)

6
A= 279.3x10" kJ/hr Avsﬁ%b262X106kJ/hr

Supp
Furnoces ' Pumps
(see TABLE A1.6) (see TABLE A1.5)

Figure 3.2 Sketch showing results of overall availability

analysis for Plant 5

A, _ A, + B
““output input sep
L. - . .
A LIS
Vsup ¥ Vsupp
(furnaces) - (pumps)
- 6 4 A 6. 6
B - __(5.524x10° - 3.447x10 ) +14.70x10
279.3x10%45.262x10°

"y = 5.90%

This result shows that plant 5 is a highly irreversible
process where large amount of availability is lost. The

losses are mainly in furnaces, in heat exchangers and in
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air and water coolers.

In order to make optimum use of heat exchanged between
streams, usually a heat availability diagram is constructed.

In this work also a sample heat availability diagram was

constructed for Plant 5 (see APPENDIX 6). However, due to

complexity of the process, a detailed calculation could

not be made.

PNV g e

BIAE OBL A f e st e e ary




3.2. bPlant 6

Plant 6 (see Fig. 3.3) was chosen to examine the
concept of available energy in chemically reacting systems.
There are two sections in this plant. First section is the
hydrotreater Its main purpose is to clean up heavy
straight run_naphta from sulfur compounds. The second
section is the platformer various reactions such as
hYdrogenation,dehydrocyclization occur to increase octane
number (ON) in this section.

The availabiliﬁy calculation was made only for the
overall process because the data needed could be taken from

IPRAS. From given temperature, pressure, watson K and API

gravity of streams, Avo;l can be calculated from Eg. (1.7;)
But composition of each stream must be known for the
calculation of standard chemical availabilities. Composition
of gas streams were téken from IPRAS and are listed . i
in TABLE A.2.2 (See APPENDIX 2). Compositions of liquid
streams, H$RN, platformate had to be estimated and
strucfures had to be approximated, as shown in TABLE A.2.3
(See APPENDIX 2). Standart chemical availabilities of
certain components could not be found in literature (22).
Therefore they were calculated from étandard Gikbs free
energy data obtained from API Résearch Project 44 (1) by
using Eq. (1.10). A for all components are listed in

o]
TABLE A.2.4 (See APPENDIX 2).




TABLE 3.2.1 AVAILABILITY CALCULATIONS FOR OVERALL PLANT 6

5
S : =5 ARy -

- v Flow AV,? _ AAV8~P‘ x10 ARy 1x197° corr ™ &, AV‘*' AAV o BBy,
Stream Stream (kg/hr) (kJ/kqg) (kJ/kKg) (lﬂ’/hr (k,.,/%;} (kJ/hr) kJ/hrxlO
Number Name (Eq.1.10) (Eq.1l.7a) (Bq.2.29a)

1 HSRN 30224 45694 4.8722 13811 1.4726 -5.6112 -~ 13807
INPUT TOTAL 30224 ' . 13807

STREAMS
19 . Netgas out 296 47964 48.287 141.97 0.1429 - 142.11
29 Netgas out 1112 48849 82.189 543.20 0.9139 ' - . 544.11
25 = | Cas to Ker. 1320 55677 456.94 ‘ 734.94 6.0317 - 740.97

Desulf. thit - ' '
30 LPCG 5941 47668 ‘ 2.3475 v 2832.0 0.1395 -4.4519 2827.7
34 Platformate 21555 43537 2.2731 9384.4 0.4900 K -5.6‘798 9379.2

OUTPUT  TOTAL 30224 13635

SPREAMS :
X Calculation of AR, was shown in APPENDIX 4; here AA is similar to AA
' corx ' Veorr Vmix
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Availability calculation results for streams of overall
Plant 6 are given in TABLE 3.2.1 Aﬁailability calculations
of gas streams are shown in TABLES A.4.1, A.4.2, A.4.3
(See APPENDIX 4). Sample availability calculations for
HSRN and LDPG are also shown in APPENDIX 4. Availapility
~ supplied in furnaces and through pumps ié shown in TABLE
A.2.5. Since availability calculatiqn_were approximate in

nature in Plant 6, no further calculations were made.




4. CONCLUSION AND RECOMMENDATIONS

The petroleum refiﬁeries are large consumers of
energy. Thus, energy conserving and recovering technigues
must be employed because of the rising energy cost. In
this work detailed thermodynamic availability analysis
was carried out for PLANT 5 to investigate what improvements
could be made to increase the availability efficiency and
to decrease loss of availability.

The primary users of energy in a.petroleum refinery
are furnaces. In plant 5, 279.25x106kJ/hr (see TABLE A.1.6,
APPENDIXVl) of available energy is supplied gy fuel and
164.04x10° of kJ/hr (see furnace losses in TABLE 3.1.2)
of it is lost through doors, cracké and with hot flue
gases through furnaces. Thus great amount of available
energy is lost by hot flue gases. In order to conserve
energy, hot flﬁe_gases could ke used to preheat the air
coming into furnaces, to produce steam and hot water in
various parts of the refinery. The heat losses in the
furnaces also depend upon the conditions of the furnace
linings and insulation. The design conditiéns could be
changed to increase the efficiency of furnaces (17).

Heat input to é distillation column is reguired
for the separation process and alSo fof heating of the
feed befofe entering the column. Increésing the humber of

trays in the column could reduce heat input into the

column. However, this would necessitate an analysis,




regarding the cost of.energy saved to the additional cost

of new trays (17). An additional source of irreversibilitv
which causes loss of available energy is due to the mixing
of streams with nonequilibrium compositions and temperatures.
Other modifications that could be done on a distillation
célumn to reduce irreversibilities and heat input, thus
decrease available energy consumption are lowering of
external reflux ratio-(6).

As seen. in Plant 5 layout, air and water coolers are
used to redﬁce temperatures of streams. Thus a large
amount of availability is dissipated. The use of air and
water coolers involve both an initial capital investment
and a continuous oberating cost. But the use of heat
exchangers to provide heat integration requires only
initial caﬁitalkinvestment becéuse one stream is heated_
and:another stream is cooled without using any additional
~cooliﬁ§ air or wéter as in air and water coolers.

| -Crude enters to the system at atmosﬁheric
temﬁérature and éressure. It is heated in qrgde preheat
éxchanger traip and furnaces, In Plant 5, 5*66% of total
availability loss is in heat exchangers before desalters
and 3.39% of total availability loss is in the heat
exchanger train after desaiter§ (see TABLE 3.1.4). The
configuration of heat exchangers is important for the
maximum availability that can be transferred to the

.crude o0il. The design of heat exchanger system and
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determination of the 0ptimﬁm amount of heat exchange surface
is a complex problem. There is alsc unlimited number of
possible configurations to choose from anéd only a few of
these can be evaluated by hand (13); For this purpose,

a detailed heat availability diagram analysis (13) should
bé carried out. In addition, a heat exchange neﬁwork
simulator program could be used to evaluate various cases
(15). As a result, heat integration in Plant 5, coﬁld save
conéiderable amount of availakle energy.

In addition to ?rocess modifications suggested,
‘calculation of enthalpy and entropy changes, especially,
for preééure effect shduld be improvéd by using proper
vequatigns of state for gases and liquids. However, use
of an equation of state requires computer use for the
calculations of enthalpy and entropy changes and thus

availabilitv.
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TABLE A.1.l. RAW DATA OF EACH STREAM IN PLANT 5 (Fig. 3.1)

' ¥
Stream Number

. Stream Name

Flowrate (kg/hr)

Density (gr/cmB)

Mol Wt

1
Crude oil
631458
0.8460
210

11.385

35.5

10,8473
Liquid
303

209

2
Crude oil
631458
0,8460
210
11.85

35.

w

0.8473
Liquid
303

2308

3

Crude oil

199017
0.8460
210
11.85

35.5

0,8473

Liquid
303

2308

4
Crude oil
432441
0.8460
210
11.85
35.5
0.8473
Liquid
303

2308

X These numbers corresnond to stream numbers in Fig. 3.1
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5
Crude oil
432441
0.8460
210

11.85

135.5

0.8473
Liquid
335

2308

6
Crude oil
432441

0.8460
210

11.85
35.5
0.8473
Liquid
367

2308

7

Cfude:.oil
199107

0.8460
210

11.85
35.5
0.8473
Liquid
329

2308



TABLE A.l1.1 CONT'D

Stream Numbef
Stream NAame

éiow rate (kg/hr)
Density (gr/cm’)
Mol Wt

Ky

OApT

s6

Phase

VTémp,(K\

Press (kPa)

8
Crude o#l
199017
0.8460
219
11.85
35.5
0.8473
Liquid
369

2308

9
Crude oil
199017
0.846n
210

11.85

10
Crude oil
6314583
0.8460
210
11.85
35.5
0.8473
Ligquid
401

2308
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1
Crude oil
631458
0.8460
210
11.85

35.

un

0.8473
Liquid -
401

363

12
Cfude oil
210484

0.8460

13

Crude oil

420972
0. 8460
210
11.85
35.5
0.3473
Liquid
403

363

14
CrudQJOil
210486
0.8460
210

11.85




TABLE A.l1.1 CONT'D

Streém Nuﬁber
Stream Name

Flow réte'(kg/hr)
Density (gf/cﬁ3)
Mol Wt

K

©ap1

. SG
Phase
- Temp (K)

Press {(kla)

15
Crude oil
420972
0.8460
210
11.85
35.5
2.8473 -
Liguid
424

363

16
Crude o0il
210486
0.8460
210
11.85
35.5
0.8473
Liguid
444

363

17

Crude oil

420972

0.8460
210
11.85
35.5
0.8473
Liquid
442

363

18
Crude oil
210486
0.84690
210
11.85
35.5
0.8473
Liquid
461

363
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19
Crude oil
420972
0.8460
210
11.85
35.5
0.8473
Liquid
451

363

20
Crude o0il
210486
0.8460
210
11.85
35.5
Q.8473
Liquid
491

303

21
Crude oil
420972
0.8460
210
11.85
35.5
0.8473
Ligquid
486

363



TABLE A.l1.1 CONT'D

Stream Number ‘ 22 23 24 25 26 27 28\
| | O/H g;s
Stream Name Crude oil Crude o0il Crude oil Crude oil Crude oil Crude oil i§§§m
_ | 1603
Flow rate (kg/hr) . 631458 382863 248585 382863 248595 631458 ' 3138
’ ‘ : . : 167893
Density (gr/cm3) 0.8460 0.84560 - 0.8460 0.8460 0.8460 | 0.56460 -
" Mol Wt , 2190 210 2190 210 210 210 j -
KW ’ 11.85 11.85 11.85 11.85 ©11.85 _ 11.85 -
°API 35.5 | ' 35;5 35.5 35.5 35.5 . 35.5 - -
56 ‘ 0.8473 0.8473 0.8473 0.8473 ' 0.8473 7 0.8473 -
_‘fhase Liguid Liquid Licruid Liquid Ligquid - Liquid Cas
Temp (K) L 489 489 489 590 | 595 592 374
Press (kPa) 363 363 363 363 363 363 322
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TABLE A.l1.1 CONT'D

Stream Number 29 | 30 31 32 : 33 34 ‘ 35
| . 0/H gas 0/H - |
‘Stream Name Steam Steam O/H gas Unstabilized LSRN Sour water Unstabilized LSRN LSRN
, LSRN LSRN .
pldw rate (kg/hr) 172634 1172634 1603 167893 3138 : 56518 111375
Density (gr[cm3) - - - : 0.6578 1 | 0.6578 - 6.6578
Mol Wt - - 21.84 78 18 | 78 | 78
Ky - - - 12.68 - | 12.68 - 12.68
°ap1 - - - 83.4 - 83.4 . 83.4
SG | - - | - - 0.6584 - - 0.6584 . 0.6584
Phase ' gés—liquid gas—-liquid gas Liquid Liquid Liquid Liquid
 Témp‘(K) | © 320 312 312 312 312 312 312
press (kpa) 322 322 22 212 212 212 212

e i
o




TABLE A.l.l1 CONT'D

" Stream Number
Stream Name
Flow rate (kg/hr)
' Dénsity (gr/cm3)
Mol Wt
\
°API
S5G
*Phase
’,Temp‘(K{.

Press (kPa)

36
Unstabilized LSRN
56518
0.6578
78
12.68
83.4
0.6584
Liquid‘

312

1167

37

LSRN
111375
0.6578
78
12.68
33.4
0.6584
Liqu;d
312

212

38
HSRN
215960
0.7363
114
12.11
60.5
0.7370
Liquid
422

329
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39
HSEN
54336
0.7363
114
12.11
60.5
0.7370

Liquid

422

329

40
HSRN.
161624
0.7363
114
12.11

60.5

0.7370

‘Liquid

422

41
HSRN
161624

0.7363

114

12.11
60.5
0.7370
Liquid
353

322

42
Kerosine
179306
3.7792

149

-12.01

49.9
0.7800
Liquid
480

342



TABLE A.l.1 CONT'D

Stream Number | - 43 44 45 , 46 | 47 ‘48 o 49
Stream Naxﬁe ‘ Kerosine Kerosine Kerosine Light Diesel Light Diesel Light Diesel Light Diesel
low rate (kg/hr) 71553 107753 107753 152387 68637 83750 83750
Density (gr/cm3) 0.7792 0.7792 0.7792 0.8248 o 0.8248 0.8248 0.8248
Mol Wt o 149 149 149 216 T 216 216 . 216

Ky | 12.01  12.01 12.01 11.90 11.90 11.90 | 11.90
°ap1 o 499 19.9 49.9 39.9 39.9 39.9 39.9
e} , 0.7800 0.7800 0.7800 0.8256 0.8256 0.8256 0.8256
Phase - Liquid Liquid Liquid = Liquid Liquid Liquid Liquid.
Temp (K) 480 4890 368 540 540 540 422
press (kPa) 342 335 335 349 349 618 . 342
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Stream Number

"Stream Name

Flow rate (kg/hr)

Density (gr/cm3)’

Mol wt

" Phase

Terp (K)

Press (kPa)

TABLE A.l.1 CONT'D

50
Heaws Diesel
11919

0.8420

257

12.03

36.4

£ 0.8428

Liquid
567

356

51
Heaw Diesel
11919

0.8420

257

12.03
36.4
0.8428 -
Liguid
567

356

52
Heaw Diesel
11919
0.8420
257
12.03
36.4
0.8428
Liquid
316

961

53
Réduced Crude
367751
0.9288
393
11.65
20.7
0.9297
Liquid
585

363
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- 54

55

Reduced Crude - Reduced Crude

367751

0.9288
393
11.65
20.7

0.9297

Liquid

582

1171

287365

0.9238 .

393
11.65
20.7
0.9297
Liquid

582

21171

56

Reduced Crude

~ 80386

0s9286
570
11.65
20.7
0.9297
Liquid
582
1171




TABLE A.1.1 CONT'D

Stream Number

Stream Name

Flow rate (kg/hr)

Densib/(gr/an%

Mol Wt

Phase

Temp (K)

Press (kra)

Reduced Crude

287365v

0.9288
393
11.65
20.7

0.9297
Liquid
646

1171

58

IC vanors
Steam

859
738

336

[y
(Yol

 HSRN

54336

0.7363

114

12.11

60.5

0.7379

Liquid -

486

335.5

60

HSRN

54336

0.7363

114

69.5

0.7370
Liquid
486

861

61
HSRN

54336

0.7363
114
12.11
66;5

0.7370
Liquid
423

861

62

HSRN

54336

0.7363

114

12.11

60.5

0.7370
Liquid
339

861

63
HSRN

54336

0.7363
114
12.11
60.5

0.7370
Liquid
318

618




TABLE A.l.1 CONT'D

Stream Number
kStream Name |
Flow rate (kq/hrf
Density (gr/cm3)
Mol Wt

'Kw‘

°arT
SG
Phase
Temp (K)

Press (kPa)

64
Kerosine
70695
0(7792
149
12.01
49.9
0.7800
Liquid
472

342

65
Kerosine
70695
0.7792
149
12.01
49.9
0.7800
Liquid

472

832

66
Kerosine
70695
0.7792
149
12.01
49.9
0.7800

Liquid

358

832

67
{erosine
70695
0.7792
149
12.01
49.9

0.7800

Liquid

358

832

- 55 -

68
Kerosine
70695
0.77¢2
149
12.01
49.9
0.7800
Liquid
318

618

69

Light Diesel

68637
0.8248
216
11.90
39.9
0.8256
Liquid
486

349

790

Light Diesel

68637
0.8248
216
11.90
39.9
0.8256
Liquid
486 |

1454



TABLE A.l1.1 CONT'D

Stream Number 71 72 73 74 75 76 77

, o O/H gas OVH!'agas
Stream Name Light Diesel Light Diesel Light Diesel Light Diesel Unstabilized»LSRN LPG LeG:
7low rate (kg/hr) 68637 68637 68637 68637 56518 5142 5142
Density (qr/cm3) g | 0.8248 0.8242 0.8242 0.8242 0.6578 - ~ -
Mol we 216 216 216 216 78 | 45.66  45.66
Ky _11.90 11.90 - 11.90 , 11.90 12.68 - -
OAPI ’ 39.90 ‘ 39.90 : 39.90 39.90 83.4 - -

SG | | 0.8256 J0.8256 - 0.8256 | 0.8256 0.6584 - -
Phase | Liquid liquid Liquid Liquid liquid Gas Gas
Temp (K) | - 465 432 - 316 389 335 320
Press (kpé)« : 1454 1454 1454 : 618 832 749 749
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TABLE A.1.1

. Streém Number
Stream Name

I'low fate (ka/hr)
Density'(gr/cm3)
Mol Wt | "

Ky

°ap1

SC
Phase
Temp (K)

Press (kPa)

CONT"

78
LpPCG

4434

47.692

gas
320

517

79

O/H gas

35.3876

gas
320

517

80
LSRN
51376
0.6578

78
12.68
83.4
0.6584
Licuid
427

749

Ceq -

e gt i e s s

31

LSRN

51376

82
Slop oil
8049

135
11.90

51.1

" 0.7749

gas

400

14.6

g g ey biee s e e

83
LVGO
236263
0.8390
250
12.07

37.0

0.8398

LiQuid
472

41.3

84
LVGO
236263
0.8390
250
12.07
37.0
0.8398
Liquid
472

1003




TABLE A.l.1 CONT'D

Streém Number .
Stfeam Name

Flow rate (kg/hr)
- Density (gr/cm3)

Mol ‘Wt

Phase
Temp (K)

Press (kPa)

12.07
37.0

0.8398

Liquid

472

1003

86
LVGO
157509
0.8390
250
12.07
37.0
0.8398
Licuid
472

1003

87
LVGO

78254

12.07
37.0
0.8398
Licuid
431

1003

88
LVCO
157509
0.8390
250
12.07
37.0
0.8398
Licquid

427

~1003

89
LVGO
236263
0.8390
250
12.07
37.0
0.8398

Licquid

428

1003

90
LVGO

236263

- 0.8390

250
12.07
37.0

0.8398

" Liquid

348

618

91
LVCO
171406
0.8390
250
12.07
37.0
0.8398
Liquid
348

517




TABLE A.1.1 CONT'D

Stream Number | 92 93 94 95 96 97 Y
Strea;'n Name ‘ LVGO HVGO ' HVGO HVGO HVGO HVGO - HVGO
Flow rate (kg/hr) 64858 190682 190682 129440 30621 30621 30621
Densit: (gr/cm>) 0.8390 0.8975 0.8975 0.8975 0.8975  0.8975 0.8975
Mol Wt 250 340 340 340 340 340 340
Ky; N ’ 12.07 11.78 11.78 11.78 11.78 11.78 11.78
opapr 37.0 26.0 26.0 26.0 26.0 26.0 26.0
sc - 0.8398 0.8984 0.8984 0.8984 0.8984 0.8984 0.8984
Phase o Liquid Liquid Liquid Liquid Liquid Liquid  Liquid
" Temp (K) - © 348 569 569 560 569 569 473
Press (kpa) . 618 87.5 992 992 992 992 992
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TABLE A.l.1 CONT'D

Stream Number

Stream Name

Flow rate (kg/hr)
Density (gr/cm3)

Mol Wt

K-
Sy

°ap1

. 5G

Phase
Temp (K)

Pressv(kPa)

99
HVGO

30621

0.8975

340
ll.§8 
26.0
0.8984

Liquid

473

992

100
HVGO
61242
0.8975

340

'11.78

26.0

0.8984

Liquid
473

992

101

HVGO

61242

0.8975
340
11.78
26.0
0.8984
Liquid
341

618

102

Heavy Fuel oil

174622

0.9871
630
11.13
11.7
0.9881
Liquid
626

69
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103

‘Heavy TFuel oil

174622
0.9871
630
11.13
11.7
0.9881
Liquid
626

1418

104
Heavy Fuel oil
87311
0.9871
630
11.13
11.7
0.9881
Liquid
626

1418

105
Heavy Fuel oil
87311
0.9871
630
11.13
11.7
0.9881
Liquid
626

1418




'TABLE A.1l.1 CONT'D

Stream Number‘i
Sﬁream Name

Flow rate (kg/hr)
Density (qr/Cm3)‘
Mol Wt

Kv

APT

se

Dhase“

Temp (X)

PreSs (kPa)

[

106

Heavy Fuel oil Heavy Fuel oil Heavy Fuel oil . Heavy Fuel oil Heavy Fuel oil Heavy Fuel oil

87311
0.9871
630
11.13
11.7
10.9881
Liquid
558

1418

107

873IL
0.9871
630
11.13
11.7
0.9881
Liquid
484

1418

i

108

174622
0.9871
630
11.13
11.7
0.9881
Liquid
521

1418

- 61 -

109

21396
0.9871
630
11.13
11.7

. 0.9881
Liquid
521

1418

110

153226
0.9871
630
11.13
11.7
0.9881
Liquid

521

1418

111

153226

0.9871
630
11.13

11.7

0.9881

Liquid
479

1418

i

112
Heavy Fuel oi.

153226
0.9871
630

11.13
11.7
0.9881
Liquid

371

618



TABLE A.l1.1 CONT'D

Stream Number
Stream Name

Tlow rate (kg/hr)
Density (gr/cm3)
Mol Wt

Kyt

Phase
Temp {K)

Press (kPa)

113 114
Light Fuel oil Light Fuel oil
80386 80386
0.9286 0.9286
570 570
11.65 11.65
20.7 20.7
0.9297 0.9297
Liqﬁid Liquid
486 365
1171 686

e e LAY PRI Y S s o

115

Steam

2400

.18

gas
781

398

116

Steam

738

18

gas
781

398
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TABLE A.1.2 COMPCSITIONS OF REFINERY GASES IN PLANT 5

STREAM

31 78 : 79
Component mol % mol % mol %
H,S s 1.3 3.8
H, 14 - -
N, - 16 - 4,9
co, S - | 0.4
co - ' - 30.2
0, - - 2.4
c, : 40 | 1.5 5.6
c, 18 9.1 12.7
c, 12 48.7 31.6
o - 39.4 8.4

B T
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TABLE A.l.3 CONSTANTS OF MOLAR HEAT CAPACITIES OF INORGANIC

GASES; Cp=a+bT+CT-2

Cp (22) :Btu/ (1bmol) (°F) or cal/(gmol) (°C); T:K

Component ‘ a bx10° ' cx107°
H,0 7.30 2.46 0.00
H,S 7.81 . 2.96 -0.46
’ .
H, 6.52 0.78 0.12
N, : ~ 6.83 0.90 ~0.12
o, | 7.16 . 1.00 . -0.40
co 6.79 - 0.98 - -2.06

TABLE A.l.4 CONSTANTS OF MOLAR HEAT CAPACITIES OF ORGANIC
GASES; Cp=a+8T+yT2'

Cp(22) :Btu/ (1bmol) (°F) or cal/(gmol) (°C); T:K

Component | a , BxlO3 yxlO6
CH, 3.381 18.044 © -4.300
CoHe | 2.247 38.201 -11.049
C,Hg 2.410 . 57.195 -17.533

‘C4Hlo 3.844 73.350 -22.655
CgHy, | 4.895 90.113 -28.039
CeHy g 6.011 106.746 -33.363
Cglly g 8.163 1140.217 —44.217
CgHy, - -7.701 - 125.675 -41.584

cHg 0.576 - 93.493  -31.227




TABLE A.l1.5 AVAILABILITY SUPPLIED TO THE PUMPS IN PLANT 5

| ; , y F'JS=\.I..AP nmecﬁm( Avsupp(]rJ/hr} . x wg'-'-V.A.P "mech™¥ | Avsupp(‘kJ/hr)
Pumps  V(m /hr) £4P(kPa)” (kI/hr)  (8) (Eq.2.28) Pumps  V(m /hr)  AP(KPa)”  (k3/hr) (% (k. 2. 28)
5C—l , 745’. 70 22-00.3 v 1€41996- 0'7 : 2345709 5G-10 85.85 954.9 82042 0.55 149167
502 169.17  915.7 155082  0.62 250132 5G-20 14.14 859.9 | 12170 0.64 . 19016
56-3  219.32  553.27 121431 9.73 166344 56-101 281.35  929.5 261700 0.50 523400
544 138.16  343.8 1753 0.50 95068 5¢-102 212.v26. 373.6 185580  0.52 356865
55 101,45 233.9 27245  0.74 36318 56104 176.74  1303.6 230567  0.68 339065
506 73.73 498.1 36756  0.47 78204 5G6-106 81.76 4479 36645  0.70 52350
57 90.64 628.2 56986 .65 87671 5G -107 23.85 1963.7 36997 70,70 52853
53-8 83.14  1013.5 84328  0.48 175683 5@ -103° 272.55  310.05 84556 n.70 120609
56-9  395.60  803.6 318161 0.77 413196 TOTAL 5262374

- X AP is the difference between discharge pressure and suction nressure

xx Supplied bv IPRAS
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TABLE A.1.6 AVATILABILITY SUPPLIED TO THE FURNACES IN PLANT 5

A
Vsupp (kJ/hr)

Furnace QH(kJ/hr) TH (K) {Eg. 2.26)
SF-1 183.87x10° 1011 129.67x10°
5F-3 119.48x10° 996 83.73x10°

5p-101 93.69x10° 1003 65.85x10°

TOTAL | 397.04x10° - 279.25x10°
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APPENDIX 2

RAW DATA FOR PLANT 6

~ sam e




TABLE A;Z.l RAW DATA FOR OVERALL PLANT 6 (Fig. 3.3)

IN ) | . OUT
Stream No 1 19 29 30 34 25
c : . : Gas to kerosine
Stream Name HSRN Net gas out Net gas out LPG - Platformate Desulfirization Unit
Flows (kg/hr) | 30224 296 1112 5941 21555 | 1320
‘Density (gr/cm) 0.7572 - - 0.5302 0.7677 -
Mol Wt 126.39 23.82 32.23 48.787 . 99.14 12.56
Temp (K) a1 311 311 311 311 336
Press (kPa) = 3408 1135 1824 1824 1479 42,35
K i | 12.01 - - 14.41 11.48 -
OppT | | 54.9 - - - 134.5 52.3 -

SG » 0.7591 - - 0.5319 0.7698 -
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TABLE A.2.2 COMPOSITIONS OF REFINERY GASES IN PLANT 6

Net gas out Net gas out Gas to Desulf. Unit

Component . (Stream 19) (Stream 29) - (Stream 25)
mole % mole % g mole %

H20 - 0.02 0.01
H,8 4.40 - -

H, _ 33.76 13.7 64.12
cH, 24.36 17.22 15.27
-C2H6 14.25 25.29 9.00
C3H8 11.16 27.16 6.73
i~C4HlO 3.54 9.57 2.09
n-—C4H10 3.16 | 6.87 1.53
wl—CSle 1.35 0.12 0.46
n=CgHy,p - 0.71 0.05 0.23
n-C.H,, - - . 0.28
n~C8H18 1.10 - ’ - -
(NAPHTENE)

C,Hg 1.11 - n.28

7




TABLE A.2.3 COMPOSITION OF LIQUID PHASES IN PLANT 6

HSRN . LPG

Platformate

mnole %

Component mole % (x) mole % (xx}
H20 - 0.01
H,S - ' - 0.04
H2 -. 0.29
Cl ' - 1.82
c, - 12.76
C3 - 34.81
i-C, - 24.76
n-C, - 24.27

_i--C5 - 0.81
n c5, - 0.43
€816 - i}
m-Xylene - -
C9H20 50.23 -
C9H18 39.46 -
C‘9H12 10.31 . | -

6.038
21.27

62.69

x mole %'s of both HSRN and Platformate were estimated.

XX moka%.of'LPG was supplied by 1IPRAS
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TABLE A.2.4 STANDAPD CHEMICAL AVAILABILITIES OF

COMPONENTS IN PLANT 6 (23)

Compcnent Name ' Avo(kJ/kg—mol)
HéO (Liquid) Water | 0
H,5 (gas) Hydrogene sulfide 504540
H, (gas) Hydrogene 2371990
<, (gas) ‘Methane ’ 817271
C, (gas) Ethane | ' ' 1467452
C3 (gas) Propane . 2108440
1-C, (gas) Isobutane 2745495
n-C, (gas) | n-Butane N 2747797
i-Cy (gas) 2-Methyl Butane 3380417
n--C5 (gas) 7 n—Pgntane 3386860
i-C. (liquid) 2-Methyl Butane 3380041
n-—C5 (liquid) n-Pentane 7 3385814
C-Hig (liguid) n—Hepténe ' 4659967
C9H10 (liguid) m-Xvlene 4448675
C9H20 (liquid)x - n-Nonane . 5946093
CgH,g (ligquid)®  n-Butyl Cyclo Hexane ‘5740534

CuH.., (ligquid)® 1,3,5 Trimethyl Benzene 5076483

x Calculated from standard Gibbs free energy data obtained

from API Project 44 (1)
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TABLE A.2.5 AVAILABILITY SUPPLIED TO THE FURNACES- AND PUMPS

IN PLANT 6
A , A |
vsupp(kJ/hr) | vsupp(kJ/hr)
Furnaces (Eq. 2.26) Pumps (Eq. 2.26)
. 6G-1 169681
6F-1 4.431x10 662 118889
6F-2 3.882%10° 6G~3 3901
6F-101  15.435x10° 6G-102 171787
; 6C-103 99530
67-102 4.241x10 63104 L8878
6F-103 0.622x10° 6K-1 38581
Cepet04 4 4315105 6K-101 2090826
TOTAL 33.042x10° TOTAL 2712073




APPENDIX 3

AVAILABILITY ANALYSIS FOR INDIVIDUAL

UNITS IN PLANT 5
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Figure A.3.1 Distillation column




TABLE A.3.1 AVAILABILITY ANALYSIS FOR RATMOSPHERIC DISTILLATION COLUMN (See Fig. A.3.1)

Stream Number

27
49 -
37
58

45
a1

115

TOTAL INPUT
28
38
42
46
50
53

TOTAL OUTDUT

1

AHT(kJ/kg)' AHp(kJ/kg) AH(kJ/kg),‘/AST(kJ/kgK)‘ -ASp(kJ/kgK) AS(kJ/kgK) Ay(kJ/hr)
(Eq.2.8) (Eq.2.12) (Eq.2.6) (Eq.2.9) (Eq.2.13) (Eq.2.7) (Eq.1.7a)
751.779 -0.1676 751.6023 1.7060 0.0011 1.7049 153766607
277.69 -0.0723 277.5277 0.7729 0.0010 0.7719 3978251
© 32.48 -0.09095 32.4705 - 0.1063 0.0006 0.1057 108245
1484.56 0 1484.56 3.7140 0.3120 3.402 751810
154.46 -0.0463 154.4137 0.4630 0.0010 0.4620 1803537
123.69 ~0.0383 123.6517 0.3797 0.0010 0.3787 1745394
3394.11 0 3394.11  .7.8437 - 7.8437 2536050

| 164709894

152.0466 0 152.0466  0.4529 0.1337 0.3192 9827190
297.88 ~0.0764" 297.8036 0.8294 0.0011 0.8283 11007524
446.97 ~0.1078 446.8622  1.1543 0.0011 1.1532 18505921

603.79 -0.1360 603.654 1.4515 0.0010 1.4505 26119894 -

682.45 -0.1509 682.2991 1.5918 0.0010 1.5908 2482021
682.36 -0.1495 682.2105 1.5591 0.0010 1.5581 80131729

148074279
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Fig. A.3.2 Combination of atmospheric distillation column

and furnaces used to heat the feed.




TABLE A.3.2 AVAILABILITY ANALYSIS FOR THE COMBINA.'I‘ION OF ATMOSPHERIC DISTILLATION COLUMN AND
Crm FURNACES USED TO HEAT THE FEED (See Fig. A.3.2)

| AHT(KJ/kg) AHp(kJ/kq)

- 77 -

‘ AH(kJI/kq) A4Sy, (kI/kaK)  ~BS 5(kI/kgK) AS (kJ /kgK) A, (KJ/hr)
Stream Number - (Eg.2.8) (Eq.2.12) (Eg.2.6) "(Eq.2.9) (Eq.2.13) (Eq.2.7) (Eq.1.7a)
22 1 447.3525 -0.1126 447.2399 1.1430 9.00107 1.14193 67531124
58 1484.56 0 | 1484.56 3.7140 0.3120 3.402 751810
~115 3394.11 0 3394.11 ‘7_;8437 0 7.8437 2536050
" TOTAL INPUT | 70818984
31 ‘ 14.8769 0 14.8769  0.08780 0.2805 0.1927 115899
33 57.7390 -0.0120 57.7270 0.1905 0.00073 0.18977 3689
34 32.48 -0.0095 32.4705 0.1063 0.0006 0.1057 54930
39 297.88 -0.0764 297.8086 0.8294 0.0011 0.8283 2769517
43 446,97 -~0.,1078 446.8622 1.1543 0.0011 1.1532 7384855
47 603.79 . =0.1360 603.654 1.4515 0.0010 - 1.4505 11764725
50  | 682.45 ~0.1509 682.2991 1.5918 0.0010 1.5908 2482021
53 682.36 -0.1495 682.2105 1.5591 0.0010 1.5581 80131729
TOTAL OUTEUT 104707395




- 78 -

82

3SC-101

Figure A.3.3 Vacuum distillation tower




TABLE A.3.3 AVAILABILITY ANALYSIS FOR VACUUM DISTILLATION COLUMN (See Fig. A.3.3)

Stream.Number
57
91
95
109
TOTAL INDUT
82
83 -
93

102

TOTAL OUTPUT

749.2709

AH, (kT /kg) A%}(kJ/kg) AH(kI/kg) A4S, (kI/kgK)
(Eq.2.8) (Eq.2.12) (Eq.2.6) (Eq.2.9)

1 867.933 -0.7317 867.2013 1.8606
104.105 -0.0591 104.0459 0.3220
654.421 ~0.4831 653.9379  1.5223

| 165.775 -0.5415 465.2335 1.1447
175.8126 0 175.8126 0.1700
407.9832 0.0240 408.0072 1.0643
654.4214 0.0077 654.4291 1.5223

0.0419 749.3128 1.6391
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-4S, (kJ/kgK)

AS (kI /kgK)

(£.2.13) (Eq.2.7)
0.0040 1.8566
0.0017 0.3203
0.0033 1.5190
0.0046 1.1401
~0.0004 0.1696
~0.0004 1.0647
-0.000014 1.52234
~0.00008 1.63918

AV(kJ/hr)
gEq.l.7a)

90213788
1473492

26053153
2684849

120425252
1007185 -
21435339
38283545

45547906

106273975
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} 82

57
55

5F-101

Figure A.3.4 Vacuum distillation tower and furnace used to

heat the feed.

5C-101

o1

s 109




 ~S tream Number -

'55 

91

95
109
TofAL
- 82

83

93

INPUT

102

- TOTAL

OUTPUT.

~ TABLE A.3.4.

A (kT /kg)

AsT(kJ/kgK)

AVAILABILITY ANALYSiS FOR THE COMBINATION OF VACUUM DISTILLATION COLUMN AND
~FURNACE USED TO HEAT THE FEED (See Fig. A.3.4)

- 81 -

AHP(kJ/kg) AH(kJ/kg) —A%p(kJ/kgK) AS (kJ/kgK) AV(kJ/hr) 
(Eq.2.8) (BEq.2.12) (Eq.2.6) (Eq.2.9) (Eq.2.13) (BEq.2.7) (Eq.1.7a)
672.501 ~0.7317 671.7884 1.5419 . 0.0040 1.5379 61350761
104.105 -0.0591 104.0459 0.3220 0.0017 0.3203 1473492
654.421 -0.4831 653.9379 1.5223 0.0033 1.5190 26053153
465.775 -0.5415 465.2335 1.1447 0.0046 1.1401 2684849
| '31562255~
175.8126 0 175.8126 0.1700 -0.0004 0.1696 1007185 *
407.583é 0;02401 408.0072 1.0643 0.0004 1.0647 21435339
654.4214 0.0077 654.4291 1.5223 -0.00004 1.52234 38283545
749.2709 0.0419 749.3128 1.6391 ~-0.0008 1.63918 45547906
| 106273975




TABLE A.3.5 AVAILABILITY ANALYSIS FOR THE STRIPPER (5C-3)

o - HL (kT /kg) AHp(kJ/kg) AR (k3I/kg)  AS (kJI/kgK) -A8, (kI/kgK) AS(kJ/kgK) ‘AV(kJ/hr)
Stream Number (Eq.2.8) (Eq.2.12) (Eq.2.6) = (Eqg.2.9) ~ (Eq.2.13) (Bq.2.7) (BEq.1l.7a)
39 $297.88 -0.0764  297.8036 0.8294 0.0011 0.8283 2769517

43 446.97 -0.1078  446.8622 1.1543 0.0011 1.1532 7384885

47 © 603.79  -0.1360 603.654 1.4515 0.0010 1.4505 11764725

116 . 3394.11 0 3394.11 7.8437 | - 7.8437 779835
TOTAL INPUT " [ | | | | 22698962

58 1484.56 0 1484.56 3.7140 0.3120 3.402 751810

59 489.22 -0.1142 480.1058 1.2309 0.0011 1.2298 6173950

64 ©464.48  -0.1109 464.3691 1.1903 0.0011 1.1892 7775566

69 " 447.86 -0.1079 447.7521 1.1476 0.0010 1.1466 7280004
TOTAL OUTPUT | | 21981330

- 82 -




"TABLE A.3.6 AVAILABILITY ANALYSIS I'OR DEBUTANIZER COLUMN (5C-5)

| | ‘AHT(kJ/kg) ML (k3/kg)  AH(KI/hr) S (kI/KGK) - -8S (kJ/kgK) AS (kJ/kgK) A, (kJ/hr)
Stream Number = (Eg.2.8) - (Eg.2.12) (Eq.2.6) (Eq.2.9) (Eq.2.13) (Eq.2.7) (Eq.l.7a)
75 230.0796 -0.2115 229.8681 0.6704 0.0038 0.6666 1764565
TOTAL OUTPUT | | | 1764565
T 36.1071 0 © 36.1071 0.2068 0.3645 ~0.1577 427309
80 337.2693 -0.2510 337.0174 0.9328 0.0034 0.9294 3085447
| TOTAL oUTPUT | | 3512756
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. TABLE A.3.7 AVAILABILITY ANALYSIS FOR DEBUTANIZER O/H DRUM (5C--6)

Stream Number

77
TOTAL INPUT

  78.

.79

TOTAL OUTPUT

AHT(kJ/kg)v AH

(kJ/kg) 

AU (kJ/kq)

88 (kI /kgK)

-AS (kJ/kaK) -

- 84 -

p
(Eq.2.8) .  (Eq.2.10) (Eq.2.6) (Eq.2.9) (Eq.2.11)
21.0915 0 21.0915 0.1229 0.3645
©21.4319 0 21.4319 0..12485 0.2843
18.7391 - 0 18.7391 0.09695 0.38310

AS(kJ/kgK) A, (kJ/hr)
(Eq.2.7) (Eq.1l.7a)
~0.2416 478660

| 478660
~0.15945 309162
~0.28615 68336

377498



Stream,Numbef

30

‘:TQTAL.INPUT
31
33

34

35

'TOTAL OUTPUT

AH%(kJ/kg)
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AH (kT /kg) AH(kI/kg)  ASp(kJ/kgK)

(Eq.2.8) (E9.2.10)  (Eq.2.6)  (Eq.2.9)
14.8769 0 14.8769 0.08780
157.7390 -0.0125 © 57.7265  0.1905
- 32.48 ~0.0190 32.461  0.1063
‘14.8769' 0 14.8769 0.08780
157.7380 -0.0063 57.7327 0.1905
32.48 -0.0095 32.4705 0.1063
32.48 -0.0095 32.4705 0.1063

TABLE A.3.8 AVAILABILITY ANALYSIS FOR ATMOSPHERIC O/H DRUM (5C-4)

'—Asb(kJ/kgK)
(Eqg.2.11)

. 0.4403

- 0.00076

0.0012

0.2805
0.00038
0.0006

0.0006

AS (kJ/kgK)
(Eq.2.7)

~0.3525
0.18974

0.1051

-0.1927 .

0.19012 °

0.1057

A&(kJ/hr)

(Eq.1l.7a)

192235
3715
l9i599
387549
115899
3379
54930

108245

+ 282453

B e P



TABLE A.3.9 AVAILABILITY ANALYSIS OI' STREAMS RELATED TO THE FURNACES

Turnaces
'Stream No
A, (kT/KQ)
(Eq.2.8)

kAHp(kJ/kg);'

(Eg.2.12)

© AH(kJ/kg)
(Eq.2.6)

85, (k3 /kgK)
(Eg.2.9)
-AS. (kJ/kgK)
(g2 2.13)

S (kI /KgK)
" (Eg.2.7)

‘Ay(kJ/hr)
(Eqg.1l.7a)

5F-1
23 ' 25
(INryUT) (ourruT)

447.3525 745.7736
-0.1126 --0.1668
447.2399 745.6068
1.1430 1.6956
0.0011 0.0011

- 1.1419 © 1.6945
40948614 92134373

5F-3
24 26

(INPUT) (ourruT)
447.3525 761.6669
-0.1126 -0.1694
447.2399 761.4975
1.1430 1.7228
0.0011 0.0011
1.1419 1.7217
26558155 61758680
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5F-101

55 57

(INPUT) (ouTPUT)
672.5662 867.9332
~0.6040 -0.7320
671.9622 867.2012
1.5424 1.8606.
0.0040 ©0.0047
1.5384 1.8566

90213759

61357887




Heat Exch.:
Stream Nunber
AH (kT /kg)
(Eq.2.8)

AR (kT /kg)
(Eq.2.12)

AH (kT /kg)
(Eq.2.6)

ASrp (kT /KgK)
(Eq.2.9)

~ASy, (kJ/kgK)
(Eq.2.13)

AS (kJ/kgK)
(Eq.2.7)

Ay(kd/hr)
(By.1.7a)

Ay{kdI/hr) .

TABLE A.3.19 AVAILABILITY ANALYSIS FOR HEAT EXCHANGERS BEFORE DESALTERS

- SE-1 : L2 5E-3 .
-4 -5 40 41 3 7 61 62 5 6 44 45
(INPUT) (OUTPUT)  (INPUT) (ourPUT) (INPUT) (OUTPUT) (INPUT) (OUTPUT) (INPUT) (OUTPUT) (INPUT) (ouTPur)
9.7597 — 74.0094 297;8791 123.6947 7.5826 62.4288 300.8633 91.1684 74.0094 143.7050 446.97 154.46
-0.1079  -0.2510 -0.7406 -0.03831 -0.1028 =-0.2259 - 0.2588 -0.1072 -0.2510 -0.3966 -0.1078 ~0.0463
9.6518 73.7584  297.1385 133.6564 7.4798 62.2029  300.6075 91.0612 73.7584 143.3084 446.8622 154,4137
0.03244 0.2338  0.8294 *0.3797 0.02525 0.1989 0.8365 0.2859 0.2338 0.4323 1.1543 0.46304
0.0090 0.0090 0.0010 0.0010 0.0090  0.0090 0.0036 0.0036 0.0090 0.3090 0.0011 0.0011
0.0234 0.2248 0.8284 0.3787 0.0162 0.1899 0.8329 0.2823 0.2248 0.4233 ‘l.1532 ©1.4619
1158336 2§2676l 8125695 ‘1746153 527833 1117023 2847386 376863 2926760 7422850 11121036 1803537
TOTAL -INPUT TOTAL QUTPUT TOTAL INPUT TOTAL OUTPUT TOTAL INPUTv TOTAL OUTPUT
9284031 4672914 3375219 1493886 1404779 9226387
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‘TABLE A.3.10 COONT'D
Heét i
~ Exchangers. SE-4 5E-16
Stream Number 7 3 65 66 8 9 71 72
| (INPUT) ~ (OUTPUT)  (INPUT)  (OUTPUT)  (INPUT)  (OUTPUT)  (INDUT) (QUTPUT)
?Hf(kJ/kg) 62.4288 148.6709  423.348  131.0796 148.6709 177.6345  390.1338  302.8637
Eq.2.8) ' '
A5 (kJ/kg) -0.2259  -0.4066  -0.3133  -0.2284  -0.4066  -0.4643  0.5288 ~0.4340
BqR2.12
AH(KJ/kg) 62.2029 148.2643 423.0347 130.8512 148.2643 177.1702  389.605 302.4297
(Eq.2.6) | |
ASp(kT/kgK)  0.1989  0.4458  1,1047  0.4111  0.4458  0.5229 1.0265 0.8321
(Eq.2.9 |
~48; (kI /KgK) 0.0090 = 0.0090 0.003 0.003 -0.0090 0.0090 0.0057 0.0057
(Eq=2.13) C -
AS (K /KgK) 0.1809  0.4368  1.10l4 0.408L  0.4368  0.5139 1.0208 10.8204
(Eq.2.7) |
5 (IJ/hr) 1117023 3601790 6702049 653038 3601700 4781980 5862053 3854825
(Bq.1.78) .
" TOTAL INPUT TOTAL OUTPUT TOTAL INDUT TOTAL OUTPUT
A{,’(kJ/hr) ) ,
. 4254828 9463843 8636805

7819072
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»at Exch:

“ream Nurber

1 (k3/kg)
'q.2.8)

(kI /kg)
: fg.'2.12)

i

i(kJ/kg)_;
q.2.6)
, "I‘ (kJ/kgK)

°q.2.9)

.Sh(kJ/qu)
'q.2.13)

V(kJ/kgK) -
q.2.7)

(kT /hr‘)
k1.1.7a)

 TABLE A.3.11 AVAILABILITY ANALYSIS IFOR HEAT LXCHANGERS AFTER DESALTERS

14311112

8165219

- 8o -

S5E-104A S5E~105B 5E~106A

1. 15 86 88 15 17 110 111 17 19 97 99
- () (OUTPUT)  (INPUT) (ourPUT)  (INPUT) (OUTPUT)  (IN™UT) (oUTPUT)  (INPUT) (oUuTPUT)  (INPUT) (OUTPUT)
$226.9870 278.2094 407.9823 290.0378 278.2094 322.7941 465.7755 364.6352 322.7941 345.5837 654.4225 388.2672
-0.0644 -0.0777 -0.3587 -0.2749 -0.0777° -n.N0872 -0.5582 -0.4619 -0.0872 =-0.0920 -0.4987 -0.3333
 226.9206 278.1317 407.6236 289.7629 278.1317 322.7069 465.2173 364.1733 322.7069 345.4917 653.9238 387.933¢

0.6485  0.7725 1.0643  0.8022 0.7725 0.8750  1.1447 0.9424 0.8757 0.9261 1.5223  1.0115

0.0011  9.0011 0.0038 0.0038 0.0011  0.0011 0.0046 0.0046 -~ 0.0011 0.0011 0.0033  0.0033

-~ 0.6474 0.7714 1.0605 0.7984 0.7714 0.8739  1.1401 0.9378 0.8739 0.9250 1.5190 1.0082
20313793 14426974 20313793 26220115 19224883 12979606 26220115 29401400 6162636 2678953



TABLE A.3.11 CONT'D

Heat Exch. 5E-104B ‘ SE-105A 5E-106B. °

Stream Name 12 14 - 85 87 14 16 56 113, 16 18 2% - 98
(INeUT)  (OUTPUT) (INPUT)  (QUTPUT) (INPUT)  (OUTDUT) (INDUT)  (OUTPUT) - (INPUT) - (OUTPUT) * (INPUT)  (OUTPUT
A (kI /kg) 215.1293 245.6408 407.9823 299.8899 245.6408 328.4604 672.5678 409.1255 328.4604 371.6184 654.4228 388.267
(Eq.2.8) _ : T E
MG (kT/kg)  -0.0637  -0.0706 0.3587  0.2821  -0.0706 -0.0884 ~-0.6043 --0.4124 -0.0884 ~0.0974 -0.4987 ~0.3333
(Eq.2.12) * : £
¢ | : | | e
AH(kT/kg) 215.0656 245.5702 407.6236 299.6078 245.5702 328.372 671.9635 408.7131 328.372 371.521 653.9241 387.933
(Bq.2.6) . | 7
8Sip(kT/KGK) 0.6183  0.6942  1.0643  0.8251  0.6942  0.8880  1.5454  1.0492  0.8880  0.9835  1.5223  1.0115
(Eq.2.9) ‘ ' , RN

-ASp(kT/kgK) - 0.0011  .0.0011  0.0038  0.0038  0.0011  9.0011  0.0040  0.0040  0.0011  0.0011  0.0033  0.0033
(Bq.2.13) | = Rk

AS (kJ/kgK) . 0.6177 0.6931 1.0605 0.8213 0.6931 0.8869 1.5414 1.0452 0.8869 0.9824 1.5190°  1.0082
(Eq.2.7) ' ‘ ‘ . , :
A (kJ/hr) 6523172 8214511 , 7213441 4320476 8214511 13487059 - 17092178 7817016 13487059 16579098 6162645 2678953

(Ex.1.7a)
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. TABLE A.3.11 CONT'D-

Heat
Exch.

Stream Number

AH (kI /kg)

(Eq.2.8)

M (kJ/kg)

(

M (KT/Kg)

(E

/.\sT'(_kJ/kgK)

“(E

—aS (k3 /kgK)

(E

AS (k3 /kgK)

(E

A,
(

.2.12)
g.2.6)
q.2.9)

.2.13)

q.2.7)

(kJ/hr)
¥g.1.7a)
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16579930

SE-107A 5E-107B
19 21 105 107 18 20 104 106

-(IPUT) (OUT™UT)  (INPUT) (OUTPUT)  (INPUT) (OUTPUT)  (INDUT) (OUTPUT)
345.5837  438.5404  749.2709  376.4313 371.6184  452.2393  749.2709 561.5850
-0.0920 ~0.1107  -—0.8008  -0.4736 ~0.0974 ~-0.0437  -0.8008  -0.6443
345.4917 438.4297 748.4701  375.9577 371.5210 452.1956  748.4701  560.9407
0.9261 1.1246 - 1.6391 0.9671 0.9835 1.1526 1.6391 1.3222

- 0.0011 0.0011 0.0046 0.0046 0.0011 0.0011 0.0046 0.0046
0.9250 1.1235 1.6345 1.9625 n.9824 1.1515 1.6345 1.3176
20401400 43623939 22822144 7782265 22953204 22822144 14694083




TABLE A.3.12 AVAILABILITY ANALYSIS FOR PUMPS IN PLANT 5

' ‘ ouT | N | " our

A(kT/kg) AS (kI/kgK) Av(kT/hr)iAHGQI/kgI\') AS(kT/kgK) A (13 /hr) All(kLT/@cq) AS (T /1K) A, (kJ/hr) al(kJ/kg) AS(kIAg) VAV('kJ/hr)
Putps  (Eq.2.6) (Eg.2.7) (Eq.l.7a) (Eq.2.6) (Eq.2.7) (BEg.l.7a) Pumps (Eq.2.6) (Cg.2.7) (Eg.1l.7a) (Eq.2.6) (Eq.2.7) (Bq:1.7a)

5G-1 9.7548 0.0320 138163 9.6522 0.0234 1691676 - 5G-8  447.7424 ‘l,l465 7281727  447.3064 1.1421_ 17341455

5G-2  32.4665 0.1058 104481 - 32.3875 0.1009 »153281 5G-2 682.2114 1.5583 80110142 681;7527 1-5552 v80281183‘>”v
5G.3 297.80280.8283 8237838  297.6170 9.8257 8333075 5G-10 32.4665 0.1058 53020 | 31.9271 9.1010 103375"
5G 4  446.8609 1.1532 lllé0896 44G6.7073 1.1517 11152511 5G 20 682.3029 1.5907 . 2482421  682.3599 1.5584 _2491270

56 5 603.6514 1.4505 14354951 603.5044 1.4494 14370093 5G 101 408.0072  1.0647 21435339 407.6534  1.0609 21619253
5G~6- “480.10651n2298 6173988  479.8636 1.2275 6198031 5G-102 654.4290 1.5223 38285618 653.9399_ 1.5189 ‘38385554'

5G-7 464.37371.1892 7775892 464.0841 1.1864 7814406  5G-104 749.3128 1.6391 45552070 748.4975 1.6345 45649072
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'TABLE A.3.13 AVATIABILITY ANALYSIS FOR OVERALL PLAMT 5 (See Fig. 3.1 and 3.2)

.AHT(}(J/]{g) vAHp(kJ/kg) A (kT /kq) AST(kJ/kgK) .—ASp(kJ/qu() AS (kJ/kgK) va(kJ/hf)

-~

Stream No (Fq.2.8)  (Eg.2.12) (Eq.2.9) (EQ.2.9) (Eq.2.7) (Eq.2.7) (Eg.1.7a)
1 9.7601 ~0.005280 9.75482  0.03244 0.0004 0.03204 130649
115 3394.11 0 3394.11 7.84372 0 7.84372 2536035
116 3394.11 0 3394.11  -7.84372 9 7.84372 779831
TOTAL - » | 3446515
8l 28.5297  -0.0423  28.4874  0.09370 0.00272 0.N9098 70660
63 43.3990  -0.0473  43.3517  0.14076 0.00243 9.13833 115701
68 . 41.9376  -0.0447 - 41.8929 0.13603 0.00230 - 0.13373 144314
74 35,8214  -0.0398  35.7816 0.11661 9.70217 0.11444 115299
52 . 35.6406° +0.0390  35.6016 0.11601 0.09213 0.11388 19849
92 ' 104.1060 =0.07350 104.0325 0.32221 0.00210 0.32011 569355
101 ©  83.4231  -0.0615  83.3616 0.26104 0.99199 0.25905. 377532
114 ©129.2609 - 0.0825  129.1784 0.39016 0.00193 0.38823 1084074
112 131.8719 -0.0831  131.7g88 0.39447 0.00181 n.39266 2264086
82 232.1874 -~ 0.1400  232.0434 0.6AG02 0.00231 0.66371 275397
31 14.8769 0 14.8769  0.08780 0.2805 -.0.1927 115899
79 18.7391 - 0 18.7391  0.09695 0.38310 -0.28615 68336
78 21.4319 0 21.4319  0.12485 0.2843 0.15045 309162
33 57.73%0  0.0063  57.7327 0.1995 0.00038 0.19012 3379
' TOTAL, : | 5523953




- APPENDIX 4

- AVAILABILITY CALCULATIONS FOR

PLANT 6
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1. A SAMPLE CALCULATION OF HSRN STREAM (1) (See TABLE 3.2.1)

For the availability calculation of HSRN. temperature,

[

.~ O Cas
pressure, X,, API and composition by volume %

by IPRAS. A2y
.o

were supplied

was calculated by using Eg. (1.7a) and

data from TABLE A.2.l1 (see TABLE 3.2.1). But the comﬁosition

of HSRN must be known for the calculation of Av . The
o

composition of HSRN was calculated as follows:

Volume (m3/hr) Density (gr/cm3) Mass

Component Formula MW
Paraffins CoHy 21.535 0.7133 15376 128
Naphtenes  CgHjg 14.952 0.7945 11889 126
Aromatics CoH,, 3.392 0.8718 2956 120

Densities were taken from API Research Project 44 (1).

Paraffins as‘n—nohane, naphtenes as n-butyl cyclo hexane

aromatics as 1,3,5 trimethyl benzene were used to estimate

- Ay of HSRN. Standard chemical availabilities of each

component- were calculated from Eq. (1.10):

O

n, kmole ° X, B, B A
Component .1(——HE——) i : fo! (kJ/kmole) X Vo (kJ/kmole)
CoHy g 1120.125 0.5023 5 946 093 2986723
CoH, g ©4.357  0.3946 5 740 534 2265215
CoH 5 - 24.658 0;1031 5 076 483 523385
| | . A = (kJ/kmole) = 5775323
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MW =126.39
av

- - kJ 1 kmole - kJ
= . - 577 A
Av ZxJAv = 5323 TTeR3 X 156 . 39 45694 3

o] o
Availability change due to mixing must be calculated since
availability of HSRN calculated from properties of nure

components. In this case, this change represents a

correction term in availability calculations. It is

calculatéd by using Eqg. (2.20a) where AR, =A
corr mix
Component I} (kmole) %_ n.lnx, (kmOlQ)
: —_ 1 hr
C9H20 120.125 0.5023 —82.7130
— o}
C9H18 94,357 0.3946 87.7409
C9H12 24,658 : 0.103} -56.02443

Znil nx; = -226.4782

aA,  =8.314 K x 298K x (-226.4782) kmele

corr kmole.K : ' hr

ARy = -561116 kJ/hr
coxrr

Then the total avallablllty change is calculated:

AA Ay +Ay;, A
e

‘ o-1 corr :
A =’45694 k3 & 30224 X9 = 13810055456 X (See TaBLE 3.2.1)
v R .
.. 9 kg hr Lo hr
N - kJ . R
Ay - = 147257 ¥ (see TABLE 3.2.1)
O'Tl hr , . -

Ay = 1381055456 + 147257 ~ 561116 = 1380641597 kJ/hr
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2. A SAMPLE CALCULATION TOR LPG STREAM (30)

‘ Component x:‘.L Mi XM AVO (k3/ kmol? xiévo (kJ/kmol)
H.0 0.0001 18  0.0018 0 0
H,S ©0.0004 34 0.0136. 504540 202
H, 0.0029 2  0.0058 237191 687
c, 0.0182 16 0.2012 817971 14887
c, 0.1276 30 3.828 1467453 | 187247
c, 0.3481 44 15.3164 2108441 733948 -
C, 0.2476 58 14.3608 2745496 679785
n-C, 0.2427 58 14.9766 = 2747797 666890
=Cg 0.0081 72 0.5832 3380041 27378
n-Cg 0.0043 72 0.3096 3385315 14559

TOTAL 48.787 2325583

MA_ = 48.787

Component X3 ny (—}gh?le) : 1‘1ilnxi (kmqle/hr)
H.O © 0.0001 0.012 ~0.1105
H,S 0.0004 0.049  0.3834
H, . 0.0029 - 0.353 . -2.0626
c ' 0.0182 2.216  -8.8780
c, o127 - 15538 ~31.9905
c, 0.348L - 42.388  °  -44.7306
iC, 0.7  30.150  -42.0876
nc,  0.2027 2055  -41.8407
Cy 0.0081 ©0.986 B 3 -4.7485
_n;cs .7 1 ' 0.0043 “‘0~524,;  S 2.8553

CwomAL . -179.6877
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A =Ixa, = 2325583 ki/kmol x DIOL 4608 KT
o o~ 48.787 kg kg

The correction term resulting from total availability change due to

mixing is given bv:

ax = 8.314 kI x 298K x (-179.6877) Kle
ccrr " kmol K hr
kT

EAVCO]_’.’]E'_— -445189 —'hT




TABLE A.4.1. RESULTS Or ENTHALPY, ENTROPY AND STANDART CHEMICAL AVAILABILITY CALCULATIONS I'OR,STREAM 19

Component: - Vi MW MM, (k3 /kiol) y 3bH 85, (kI/kmol) y ;08,, =Sp(kI/KmO1K) 85 (kd/knol) Ay (KJ/kmol) YAy
(Eq.2.8) (kJ/knmol)  (Eq.2.9) (kJ/kmol)  (Eq.2.11) (Eq.2.7) (TABLE A.2.4) (kJ/kmol)

H,S 0.0440 34 248.401 10.9296  1.4687 0.0646 -0.2587 0.3233 504539 22200

Hy  0.3376 2 208.245 70.3035  1.4389 9.4857 - 3.7362 ~3.2505 237190 80075

Cy 0.2436 16 256.311 62.4373  1.5151 5.3691 2.0348 ~1.6657 817971 199257

c, ' 0.1425 30 388.689 55.3881  2.2976 0.3274 0.5547 ~0.2273 1467452 20911

Cy | 0.1116 44  696.856 77.7691  3.2530 0.3630 0.2072 0.1558 2108440 235301

i-C, 0.0354 58 728.063 257734 4.3119 0.1526  -0.272 0.4247 2745495 - 97191

n-¢4 . 0.0316 58 728.063  23.0067 4.3119 - 0.1363 ~0.2730 0.4093 2747797 86830

i—cs 0.0135 72 899.089 = 12.1377 ' 5.3150 0.0718 ~0.2123 0.2841 3380417 45636

n-Cg  0.0071 72 899.089 6.3835  5.3150 0.0377 ~0:1495 0.1872 . 3385814 24039

P(Cg)  0.0110 114 1071.050 11.7815  6.3315 0.0696 -n.1918 0.2614 5208862 - 58287

-E. N(C,)  0.0110 84 807.667 5.8843  4.7741 n.0525 -0.1918 0.2443 3821182 42933

CYam 0.0 92 603.762 6.7572  3.7136 0.0412 -0.1926 0.2333 3831744 42532

TOTAL : 369.5519 ' ~2.6196 | 11{42492

P-pParaffins, N-Narhtenes, A-Aromatics, T~Toluene
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TABLE A.4.2. RESULTS OF ENTIALPY, ENTROPY AND STANDART CHEMICAL AVAILABILITY CALCULATIONS IFOR STREAM 25

Cénponent : yi MA AHT(kJ/kno_l) ¥, b AST(kJ/kmom) - ¥iBSm .-/_\Sp(kJ/mrolK) . A8 (I /1d001K) AVO(kJ/kmol) y iA'vO
- (Eq.2.8) (7 /kmol) (Eq.2.9)  kJ/kmolK  (Eqg.2.11) (Eq.2.7)  (TABLE A.2.4)(kJ/kmol)

H,0 0.0001 18 714.147 0.0714  4.0594 ©0.0004  =0.0011 0.0015 8594 0.8594

H, 0.6412 2 608.728 390.316  3.4603 2.2187  17.5434 -15.3247 237191 152087

c, | 0.1527 16 766.163 116.993 4.3525 0.6646  2.3550 -1.6904 | 817971 124904

C, 0.0900 3 1170.687 105.362  6.6494 0.5984 ‘0.9923 ~0.3939 11467453 132071

N 0.0673 44 1659.619 ;11.692' 9.4260 ©0.6344  0.5794 0.055 2108441 141898

i-C, 0.0209 58 $2193.458 45.843  12.4585 . 10.2604  ~0.0234 0.2838 | 2745496 57381

ﬁhc4 0.0153 58  2193.458 33.560  12.4585 0.1906  -0.0569 0.2475 2747797 42041

iCg  0.0046 .72 2708.151 12.457 15.3821 - 0.0707 —Q.6630 0.1337 3380417 18850
nCy  0.0023 72 2708.151 6.220  15.3821 ©0.0354  -0.0448 0.0802 3356361 7700

o | P ©0.0028 114 4257.787 11.922  24.1842 0.0677  -0.9498 0.1175 5302879 14848

S | a (D 0.0028 93 2392.762 i_ 6.700 . 13.5889 . 0.0389  -0.,0156 0.0536 3831745 10729
TomAL 1.0000 - 841.2168 -16.4362 | hEEEEEI-

P-Paraffins, A Aromatics, T-Toluene
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Somponent , Yi‘ :
H,0 0.0002
H, 0.137
c 0.1722
c, 0.2529
Cy 0.2716
iC, 0.0957
n-C, 0.0687
i-Cg 0.0012
n-C, 0.0005

TABNLT A.4.3. RESULTS Or ENTHALPY, ENTROPY AND STANDART  CHEMICAL AVAILABILI"I‘Y CALCULATIONS I"OR STREAM 29

11.0000

MW

18
2

16
30
44
58
58
72

72

AHT (kJ/kmol) yiAII,I, ‘AST (kJ/kmolK)  y 1A5m —ASp(kJ /kmolK)  AS(kJ/kmolK) Avo(kJ /kmol) Yy Avov
(Eg.2.8) (1:7/kmol) _(Bq.2.9) (kJ/kmolK) (Eq.2.11) (Eq.2.7) (TABLE A.2.4)  (kJ/kmol
243.384 0.0486  1.0429 0.0002  -0.0092 0.0094 8594 1.718
208.245 28.5295 1.4389 0.1971 1.0291 ~0.8320 237190 32495
256.311 44.1367 1.5151 0.25609 1.6211 ~1.3602 817971 140855
388.689 98.2094 2.2976 0.5811,  3.1895 ~2.6084 1467452 371119
696.856 189.2669 3.2531 0.8835 3.5864 ~2.7029 2108440 572652
728.063 69.6756 4.3119 ©0.4126 0.4333 ~0.0207 2745495 262744
728.063 50.0179 4.3119 0.2962 0.1214 0.1748 2747797 188774
899.089 1.0789  5.3151 0.0064  ~0.0381 0.0445 3380417 4057
899.089 0.4495  5.3151 0.0027  ~0.0197 n.0224 3385814 1693
481.5021 -7.2733 1574391
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APPENDIX 5

SAMPLE CALCULATIONS FOR PLANT 5
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1. Calculation of availability change due to SEPARATION

A. Distillation tower (5C-2)

Stream no Flow (kg/hr) MWy . Di(kmole/hr) Xi nilnxi(hﬁglg)
r
34 56518 .78 724.6 0.2430 ~-1025.09
39 54336 114 476.6 0.1599 - -873.71
43 7 71553 149 | 480.2 0.1611 -876.71
47 68637 216 317.8 0.1066 -711.45
50 11919 257 46.4 0.0156 -193.05
53 367751 393 935.8 0.3139 -1084.29
tnilnxi= —4764.30
By Eq. 2.
sy, = —(8.314)—ET & (208K) x (-4764.30) XEole
sep kmole K ' hr
AR, = 11803896 kJ/hr

sep




- 104 -

B. Overall Plant 5 (See Fig. 3.1)

Stream No Flow (kg/hr) M4 ri(kg';le) Ri " n JLnx, (kmole/hr)
81 51376 78 658.7 0.2305 ~966.65
63 54336 114  476.6 0.1668  _gs3.57
68 70695 149  474.5 0.1661 -851.81

74 . 86637 206 317.8  0.1112 -698.02
52 11919 257  46.4 0.0162 ~191.30
92 64858 250  259.4 0.0908 -622.32
101 612.42 - 340  180.1 0.0630 -497.91
114 80386 570  140.9 0.0493 -424.09
112 153226 630  243.2 0.0851 . -599.23
82 8040 135 59.5  0.0210 ~229.86

TOTAL | 2857.1 - 1.0000 _5934.76

By Eg. (2.20):.

bR, = 8.314 kI x 208k x (-5934.76) Xmole
mix. kmoleK ‘ hr
MR = -14703795 kJ/hr -
mix :
AA& = 14703795 kJ/hr

sep’
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2. Calculation of AR, ~ for the combination of atmospheric
distillation colugiegnd furnaces used to heat the feed
(See Fig. A.3.2)

Heat transfer occurs between crude o0il, HSRN and
kerosine in heat exchangers,'_SE¥l and 5E-3, Availability
change of crude in exchangér 5E--1 (See TABLE A.2.10 streams
4 and 5) 'is 1768425 kJ/hr. Availability change of crudé in
exchanger 5E--3 (See TABLE AA;?.lO streams 5 and 6) is
4496090 kJ/hr. Total availability change of crﬁde is

6264515 kJ/hr. Therefore;

AR = bA, = 6264515 kJ/hr=62.64 x 10>

kJ/hr
v
crude . gen

3. Calculation of availability efficiénCy of the combination
of atmospheric distillation column and furnaces (5C-2+5F-1

+5F~-3; see TABLE 3.1,2).

5

AAV = 118.0 x 10~ kJ/hr (see pp. 103)
sep ‘ N
AR = 2135 x 10° kJ/hr (see TABLES A.1.5 and A.1.6)
supp
A = 708.2 x 10° kJ/hr (see TABLE A.3.2)
: inlet ‘
A = 1047 x 10° kJ/hr (see TABLE A.3.2)
v .
outlet .

Then, using Eq. 2.23, availability efficiency is calculated

as (EAAV in numerator = ZAV - EAV + AAV )
outlet inlet sep

(62.64 + 1047 - 708.2 + 118.0)

- 2135 , X

24.33%

=
i
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APPENDIX: 6

A HEAT AVAILABILITY DIAGRAM

IN CONNECTION WITH PLANT 5
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One of the most important coﬁsiderationsvin
building a modern crude unit is tﬁe design of the crude
preheat exchanger trairn. TheréAare almost infinite
possibilities for ar#anging preheat exchanger train for
crude units. Relatively few of these can be compared
usipg hand calculations but with a ccmputer any number of
schemes can be evaluated (15)Y. As a first step heat

availabilitv diagram is developed to determine the best

configuration of heat exchanger train (25)

" A heat availability diagram was constructed for a
preheat exchanger train in“Plaht 5. FPour streams, 40, 44,
48, 53, exchange heat with crude o0il as seen in Fig. 3.1.
Therefore, cnly these streams and crude 0il were considered.

Specific heats of these streams were assumed to he

consténtr Thus Fig. “A.6.1 was constructed where temperature
is Plotted against heat content. Detailed construction is
‘given in literature (13). The upper line is a comesité
’heat curvevof streams. It is constructed by adding together
the heat contents‘of the .streams over the same temperature
ranges. The lower line is the heat curVe‘for the crude oil.
-Asvmore'heat is £ran$feired to the crude, thé composite

. heat curve shifts té the‘right.'When two curves touch,
maXimum heat isitransferred to.the crude oil.and no more
heat can be recovered Withoutjimprovements.iﬁ preheat

'exchanger*design.vThe area between two composite heat:

curves corresponds to the lOSstf”available,energy due to
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irreversibilities. The minimization of available energy loss
can be achieved by minimizing the area between the
composite heat curves. |

In Fig. A.6.1, the area between uprer and lower
lines is guite large. It means that a great amount of
available energy is dissipated. Therefore, the onerating
conditions must be changed to decrease available energy
loss in the heat exchanger train. Howevér, due to
complexity Qf the problem a detailed calculations could

not be made.



}K

Temperature

=4

531

479

424

36

3n

Heat

Curve ot Crude oil.

Composite Heat Curve ot Streams (40,44,48,53}

Q
kJd/hr
(o} n 122 33 44 55 66 77 88 99 no 121 132 143 154
Fig A6.1 Heat Availability diagram
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