HEAT TRANSFER

Pmch technology improves
olefin heat recovery

Pinch téchnnlogy applied to an existing
-olefins unit shows heat utilization can
be improved

J. Barto#i, Chemopetrol, Research Institute of Inorganic
Chemistry, Usti nad Labem, Czechoslovakia

Introduction. Pyrolysis of naphthas or gas oils to provide
ethylene and propylene for polymers is gaining in popularity
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in many countries. Pyrolysis takes place at the comparatively
high temperatures of 800 to 850°C. The very common solu-
tion of pyrolysis gas heat recovery in an ethylene unit is
shown in Fig. 1.

Pinch technology. Linnhoff is one of the pioneers of bet-
ter understanding of heat utilization in an exchanger net-
work.!

Pinch technology allows finding the temperature point
(the pinch) that divides the temperature scale in a process
into two parts, If there is a pinch in a process (not every pro-
cess has a pinch), heat from external sources must be sup-
plied to the process at temperatures above the pinch, and
must be taken from the system by cooling media at tempera-
tures below the pinch only. If we want minimum consump-
tion of energy for heating and cooling from external sources,
matching process streams across the pinch and adding heat
to the system from external sources below the pinch temper-
ature is not allowed.

Pinch in pyrolysis gas heat y technology. In
Table 1 the values of products of mean heat capacity and
mass {low according to Fig. 1 are given following Linnhoff’s
concept of “hot” and “cold” process streams. The main
source of heat in the given technology is the heat content of
pyrolysis gas. This hot stream is divided into four hot
streams, H1 through H4 (Table 1). The main cold stream is
C1, which represents the consumption of heat for generation
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of process steam. The results of enthalpy bal g
Linnhoff"s method for calculation of the pinch temperature
are shown in Table 2. For example, enthalpy balance at the
temperature interval 450°C down to 170°C is calculated as
follows:

(m &, (450 — 170))sn + (m ¢, (190 — 170))us ~ (m AH )y =
404 + 68,040 — 104,144 = - 35,700 kW

Condensation or evaporation of water proceeds at con-
start temperature, which is stated in Table 1 (see streams
H3 H5 and C1). The temperature difference, AT, between
hot md cold streams is generally optional and considered as
10*¢. This means that the heat contained in hot streams
v n to 170°C may be used for generation of process steam,
which is generated at 160°C. In Table 2 in the column called

Fig. 1—Typical pyrolysis gas heat recovery scheme.

“Input,” the needed inputs of heat flux in kW are shown at
given temperature levels. Because of the lack of heat in hot
streams at the level 450 to 170°C, the performance 35,700
kW must be added at this temperature level from external
sources (medium pressure stedm) to establish the equilib-
rium between the source of heat and its consumption. The
output from this level (see column “Output” in Table 2) to
the temperature level 170 to 120°C is then zero. There is no
heat flux across 170°C and this temperature is the pinch. It
is necessary to point out that the value of the pinch is ex-
pressed on the hot streams temperature scale and depends on
the temperature difference between hot and cold streams,
AT. From inspection of Fig. 1, we can find two violations of
rules derived from pinch technology. Low pressure stcam is
used for preheating process water in the stripper. This means
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TABLE 1—Hot, H, and cold, C, streams in pyrolysis
gas heat recovery

30°C 6

Fig. 2—Revised process diagram (see Fig. 1 for nomenclature).

R tion of process diagram. Work on recon-

structing the process diagram should follow pinch technol-

Temperature
Interval, mc, m AH
Stream °c KW K=1 kW Comments
Hi 450 — 100 | 2430 - Pyrolysis gas heat
L rrod
quench ofl lower
(condensation of
oils included)
H2 100 - 30 778 - Pyrolysts gas heat
{heat of noncon-
densed gases)
transforrad in
quench water
Aower
Ha 100 - 91,666 | Condensation of
steam
Ha Lo 202 - Condensation of
pyrolysis gasoline
HS 10 - 2,500
low pressure
steam for siripping
¢ 160 - 104,144 | Process steam
generation
80—~ 70 | 4433 - Prehealing of tech-
nological media by
quench water
80 = 110 111 = Praheating of hy-
drocarbons going
10 pyrolysis
c4 80—~ 110 | 1733 - Preheating of
quench waler (pro-
cess water) in
TABLE 2—Heat balances at different temp e
levels
Temperature interval
(hot stireams temperature | Heat balance, | Input, s
scale), °C kW kW kw
450 - 170 - 35,700 35,700° 0
170 - 120 + 13,160 o 13,160
120 - 110 + 29N 13,160 15.431
110 — 100 +91,3M 15,431 106,602
100 — 80 - 1,880 106,802 | 104,922
90 - 80 + 8 104,822 105,803
80~ TO - 43,651 105,903 62,352
70—~ 30 + 3,118 62,352 65468 "
* From steam
** To cooling media (water and air)

TABLE 3—Consumption of heating and cooling

dia in real sy 1 ding to Fig. 1
Heating media
Medium pressure steam 39,003 kW
Low pressurg 5,200 kW
Total 44,233 kW
Cooling
Cooling water and air 74,001 KW

that the accessory heat flux is added to the system below the
pinch. The condensation heat of low pressure steam must be
taken from the system by cooling water. [n Fig. 1 we can also
find that the rule that no heat flux should be transferred
across the pinch is broken, Quench oil should not be cooled
below 170°C by hydrocarbons in exchanger K. Reflux of
pyrolysis gasoline may also increase the consumption of me-
dium pressure steam for generation of process steam in case
the reflux ratio is higher than expected. A certain part of re-
flux to the quench oil tower is evaporated over the pinch

ure and it d the g ion of process steam
in boiler I (Fig. 1). From these reasons the real consumption
of heating and cooling media highly exceeds minimal values
from Table 2 (see Table 3).
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ogy principles. First, a new stream should be introduced to
the process diagram in Fig. 1 which would enable preheating
hydrocarbons and process water by heat contained in the
pyrolysis gas. It might be done, for example, according to
Fig. 2. In boilers for generation of process steam, pyrolysis
gas and quench oil would be mixed so that the temperature
of pyrolysis gas and quench oil leaving the boilers was
170°C. Such a solution would remove also a negative influ-
ence of quench oil tower reflux on the generation of process
steam. Instead of quench oil tower A (Fig. 1) a column A’
would be situated in the process (Fig. 2). The composition of
oil circulating in this column would be similar to that in
streamn 15 in Fig. 1. The heat content of pyrolysis gas be-
tween 170 to 130°C would enable preheating h

as well as process water to 110°C. The change of technology
of pyrolysis gas heat recovery as indicated in Fig. 2 may de-
crease the consumption of heating and cooling media almost
to the theoretical level stated in Table 2. It represents ap-
proximately a 20% decrease in consumption of steam and an
1% d in ¢ ption of ing media. The differ-
ence between capital cost of these two solutions (Fig. 1 vs.
Fig. 2) does not seem to be significant,
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