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ENERGY CONSERVATION [N THE PETROLEUM INDUSTRY:

PROCESS HEAT INTEGRATION FOR A VAPQOUR RECOVERY UNIT USING
THE PINCH TECHNOLOGY
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ABSTRACT -~ The pinch technoleogy for energy targetting is utilized to cal*<'
culate target heating and cooling leoads for a 100 t/d vapour recovery

unit. Targyet heating and cooling loads of 78.4% of the present thecreti-
cal values were respectively calculated. These target heating and cooling
loads could be achieved by redesigning the heat exchange train utilizing

the pinch technoleogy rules.

INTRODUCTION :

A wvapour receovery unit (VRU} is supplementary to crude distillation
units in order to separate liguified petroleum gas (LPG) commercially known
as butagas from vapours leaving the distillation unit. In the present (VRU)
belonging to "Cairo Company for Petroleum Refining", vapours are compressed
and dissclved in light naphtha. DButagas is separated from this mixture by
successive distillation. In this unit part of the heat required tc heat up
the feed to the desired temperature is swvpplied by exchanging heat with the
hot streams leaving the distillation towers. According to the theoretical
heat balance extracted from the plant flowsheet, this part represents 27.4%
of the total heat required. Generally speaking, the more heat is recovered

from the hot streams, the lower will be the energy supplied by hot utility.

Utilizing the pinch design technology it is possible to calculate
the maximum value for heat recoverable from hot streams or the minimum
energy required from hot utility, and the way that these target values can

be practically achieved.
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The pinch desiyn technology was developed by Linholl et al.,
{1,2,3). The fundamentals underlying this technology are published in
reference {(4}. The calculation procedure has been computerised. The
computer program "Target II" developed by Linhoff March Co.{5) performs
this calculation, and produces other ocutputs thakt are helpful for the
design of maximum energy recaovery (MER) heat exchanger network. EPRI has
access to this facility and it has heen successfully utilized in this work,
as well asz in another investigation(é), teo produce the energy targetting
values for hot and cold utility reguirements and therefore the MER network.
A summary for the pinch design technology and how to use it is presented
in references(6}.

PROCESS DESCRIPTION:

The present VRUJ contains two main distillation towers: a debuta-
nizer and a depropanizer. In the debutanizer butane and liyhter hydrocar-
bons are separated as the distillate product . Pentane and heavier hydro-
carbons form the bhottom product. Butane and lighter hydrocarbons are then
fed to the depropanizer where LPG is séparated as the bottom product.

Some C; and lighter hydrocarbong leave as vapour distillate. A flowsheet
for the unit is given in Fig. 1.

In this Elowsheet two additional towers are shown, namely C-6, an
absorber to catch any C3 and 04 and vapours escapiny from the condensers
of the debutanizer and depropanizer, and C-7 the naphtha stebilizer. 1Its
Eunction is to adijust the initial boiling point of the heavy naphtha
before it is directed teo the naphtha reformer. Vapour and liquid distil-
lates from C-7 are fed to the accumultor T-8,

PROCESS HEAT INTEGRATION:

Examination of the process flow sheet reveals that the circulating
bottom of the column C-4 which according to the “pinch® design technology
is considered a cold stream because it should gain heat in the column
reboiler before it re-enters the column below the bottom plate, is used
to deliver heat in the depropanizer reboiler, and further in the exchanger
E7/5.i.e. it is considered as being a hot atream. OQne of the golden rules
of the pinch design technology is KHH and KCC or KEEP [QOT STREAMS HOT and
KEEP COLD SREAMS CZQL, lt is c¢lear that the situation here is contrary to
this rule. Although the total net firing lcad in this unit is relatively
small 39,285 GJ/b, it is {nterecstinyg tu see what the pinch Lechnology can
offer to us. The program Target II is utilized to calculate the target
heating and cooling loads. Stream data, problem toble and tarqet report
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are given in Tables 1,2 and 3 respectively. They show that for & Tmin.=
20°C the target cooling load of 27.8C8 GJ/h i.e. 78.6% of the present
theoretical heating and cocling loads as given in Table 4. The composite
curves in Fig. 2. show that the recycled process heat is 23.5 GJ/h lnstead

of 15.23 in the present design.

Following the pinch design technoleogy rules for stream matching a
heat exchange network design represented on the grid diagram (Fig. 3) is
obtained which satisfies the energy target values. This design also
ensures the maximum compatibility with the existing design, three heat
exchangers are already existing the only new heat exchanger match is
between streams 7 and 5, all six coolers are already existing. It is only
requested to add a hot utility subpply to the depropanizer. The resulting
flowsheet is shown in Fig. 4. 1t is more elegant than the original one.
Adopting the new design will save 9 GJ/h or 71280 GJ/y= 1620 TOE/y=
$200000/y and costs about $B00000*, i.e. there will be a payback period
of 4 years.

CONCLUSION:
Heating and cpoling loads could be much reduced by redesigning the
heat exchanges train for a VRU utilizing the pinch technology rules. The

new design saves about 2000005/y.

NOMENCLATURE =
GJ/h = Giga Joul hour.

& Tmin = Minimum approach temperature.
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Tahble 2. Prohlem table for VRU,

Target II Copyright Linhoff March Serial Mo:
EGY.PET-01

Problem Table-File vrul.dat

GT = 20.0
o~
Intecval
Temperature Heat Flow
°c GJ /hr

165.1 310.8%096
le9.0 B.44091
149.40 8.8409)
i38.1 . 10. 24 161
138.0 3.72045

. 120.0 6.03353
. 118.0 5.80361
100.0 6.45219
95.1 6.02200
85.0 4.315%4¢0
75.0 2.39626
72.0 2.16739
50.0 .ococo
49.0 30127
47.5 1.87345
35.6 18.3 5528

30.0 27.80845
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Table 3: Energy target report.
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Targek II Copyright LinhofE March Serial HNo.
EGY.PET-01
Energy Target Report-File vru2.dat
Minimum hot ukility = 30.89096 GJ/hr
Minimum cold uwtkility= 27.80645 GJ /hr
Global minimum apprach temperatures 20, 0%
There is. 1 pinch
Pinch at interval temperature= 50.0
Cold stream. ! pinched at 40.0
Cold stream 3 pinched at 40.0
Cold stream 5 pinched at 40.0
Hot stream 7 pinched at 60.0
Hot stream 9 pinpched at 50.0
Hot stream 10 pinched at &0.0
Table 4: Summary of theoretical energy balance for VRU.
A~ Before redesigning the heat exchange train.
Entering Leaving
Ftem GJ./h % Item GJ /h %
Heat recycled l5-23r 47.4 | Heat recycled 15.23 27.4
Fuel fired 39.285  70.68 |product enthalpy gain  4.877  8.77
Enthalpy gain due to 1.07 1.92 | Coolers and condensers 15.478 63.83
compression
_Total 55.585 100.0 | Total 55.585 100.0
B~ After redesigning the heat exchange train
Entering Leaving
Item GJ /h % Item GJ /h %
Head recycled 23.625 42,50 Heat recycled 23.625 42.50
Fuel fired 30.89 55.¢:8 Product enthalpy
gain 4.152 T.47
Enthalpy gain due to Coclers and
COmpression 1.07 condensers 27.808 50.03
Total 55.585 100.0 Total 55.585 100.0
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