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Module - 3
Building Blocks of Pinch Technology
Lecture-1
Data Extraction

Welcome to the lecture series on Process Integration. In this part of the lecture, we will
talk about data extraction. This is module number one and lecture number three. In pinch

technology, which is used for process integration, first, the problem is identified.
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Systematic approach required to be taken for process design
using Pinch Technology

THE PINCH APROACH-
RAPID SCREENING, ITERATION &
DESIGN

Different steps required for a process design utilizing Pinch Technology

That means in the plant in which area you are going to apply the pinch technology. Then
process flow diagram of that area is taken, and data is extracted from the process flow
diagram which is called PFD, then this data are converted into streamed problems and
then with the help of stream problem or the stream data table the composite curves are
created. After the composite curves targets are specified in the targets we go for energy
targets, units target, area target, cost target. And once targets are available, we go for
design with pinch rules, and then we create a new PFD that PFD has got benefit over the
older PFD, and this new PFD is simulated to test its feasibility, and once we find that this

new PFD is good, accurate, robust then the final design is accepted.
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KEY STEPS OF PINCH TECHNOLOGY

There are four key steps of pinch analysis in the design of heat recovery
systems for both new and existing processes

1) Data Extraction: Involves collecting data for the process and the
utility system

2) Targeting: Establishes targets for deign in terms of energy, number of
units, area, cost, etc. for best performance

3) Design: Establishes an initial Heat Exchanger Network

4) Optimization: Wherein the initial design is simplified and improved

economically.

There are a few key steps in the pinch technology. There are four key steps of pinch
analysis in the design of heat recovery systems for both new and existing processes. The
first one is data extraction; this involves collecting data for the process and the utility
system. Then comes targeting, this establishes targets for design in terms of energy,
number of units, area, cost etcetera for the best performance. Then comes design, it
establishes an initial heat exchanger network. And then comes optimization, wherein the

initial design is simplified and be improved economically.
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What is Data Extraction?

» The amount of information available from plant measurement, data acquisition
systems, DCS, and simulation models of a process can be very large, and most of
these data may not be of relevance to the Pinch analysis.

» Hence it is necessary to identify and extract only the information that truly captures
the relevant sources( Hot streams) and sinks (Cold streams) and their
interactions with the overall process.

This necessitates identifying the streams, their flow rates and thermal properties,
phase change if occuring, and the temperature ranges through which these must be
heated or cooled. This can be performed after mass balances have been completed
and temperatures and pressures have been established for the process streams
Energy quantities can be computed based on thermodynamics. The above
information are generally available in process flow diagrams (PFD).




Now, what is the data extraction? The amount of information available from the plant
measurement, form data acquisition systems etcetera or from models are very large, and
most of this data are not required or not relevant for the pinch analysis. So, what is to be
done is that we have to identify and extract only the information that truly captures the
relevant sources that is hot streams and the sinks which are called cold streams and their
interaction with the overall process. This data part of data is necessary for pinch analysis.
This necessitates identification of streams, their flow rates and their thermal properties
phase changes if occurring, and the temperature ranges through which this must be

heated or cooled.
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Contd...

Some heat duties may not be included in the network analysis as these
are handled independently without integration. For example,
distillation column reboiler heating and condenser cooling may be
treated independently of the rest of the heat duties

Having obtained a reliable heat and mass balance, the next stage is to

extract the hot and cold streams in the form required for pinch
analysis.

In existing processes, accurate information may not be readily
available, and the engineer may have to go into the field to obtain it.
Modeling tools, such as simulation and data reconciliation, can be very
helpful in collecting a set of consistent and reliable data.

Having obtained a reliable heat and mass balance, the next is to extract the hot and cold
streams in the form required for pinch analysis. In existing processes, accurate
information may not be really available. We have our experience when we use plant data
in many a times, the plant data do not conform to the heat and energy balance. Hence the
engineer may have to go to the field to obtain it. Modeling tools, such as simulation and
data reconciliation, can be very helpful can be very helpful in collecting a set of

consistent and reliable data.



(Refer Slide Time: 05:46)

Data required for each process stream

O Mass flow rate (kg/s)

Q Specific heat capacity (kJ/kg °C)

Q Supply and target temperatures (°C)

U Heat of vaporization for streams with phase change (kJ/kg).

Information collected on utilities and
existing heat exchangers

U Existing heat exchanger area (m?)

U Heat transfer coefficient for cold and hot sides of heat exchangers (kW / m’°C).
U Utilities available in the process (waler lemperalure, sleam pressure levels, elc.)
U Marginal utility costs. as opposed to average utility costs.

Now, data required for each process streams consists of mass flow rate, the unit may be
kg per second. Specific heat capacity is kilo joule per kg per degree centigrade; supply
and target temperatures in degree centigrade. Heat of vaporization of streams with phase
changes if any in kilo joule per kg. Information collected on utilities and existing heat
exchanges may include, existing heat exchanger area, heat transfer co-efficient for cold
and hot sides of the heat exchanger, this information is necessary for area targeting
utilities available in the process that is water temperature, stream pressure levels etcetera

and marginal utility cost as opposed to average utility cost.
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Guidelines for data extraction...
Do not mix streams at different temperatures. Direct non-isothermal mixing acts as a heat exchanger. Such

mixing may involve cross-pinch heat transfer, and should not become a regular feature of the design.

cold pinch), mixing
a slream al 95°C with a stream al
60°C creates ss pinch and will
increase the energy Larg
The way to extract these streams 1s to
consider them independently, i e . one
stream with a supply temperature of

60°C and the required targel

temperature, and the other stream
with a supply temperature of 95°C

If for process rcasons, both streams
need mixing then (hese streams
should be  brought to same
lemperature say 85 °C before mixing
(Fig. (c) & (d))




Now, there are some guidelines based on which the data should be extracted. The first
type is that do not mix streams at different temperatures. Direct non-isothermal mixing
acts as a heat exchanger. Such mixing may involve cross-pinch heat transfer, and should
not become a regular feature of the design. If you see in this diagram, the stream is
heated from 30 degree to 95 degree using heat exchanger one, and stream is heated from
to 30 degree centigrade to 60 degree centigrade and then both are mixed here to get a 85
degree centigrade stream. Now if this pinch lies at 80 degree centigrade and 70 degree
centigrade means, 80 degree centigrade hot pinch and 70 degree centigrade cold pinch,

while delta t minimum is 10 degree centigrade.

Then this heat exchanger it will appear as if it is in a heat exchanger, and this heat
exchanger will be a cross-pinch heat exchanger. And if we put a cross-pinch heat
exchanger then utility requirement will always increase. Now if streams are to be mixed
then we have to create isothermal streams like from 30 degree to 85 degree centigrade,
we should heat it from 30 degree to 85 degrees centigrade then we can mix them together
to form a 85 degree centigrade stream. And obviously, the heat exchanger which will do
this or the virtual heat exchanger which will do this will have no heat transfer.
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Guidelines for data extraction...

% As CPis a function of temperature, the enthalpy change of some streams is considerably non-linear.

Heat capacity flow rate CP=¢, +¢,T+¢,T +¢,1°...
Heat load AH = ¢, T+ (¢, T32) + (e, T3/3) + (¢ T414) ...
Actual Hol stream

hotter than linear
approvimation

H

* The actual hot stream must be hotter than the extracted hot stream
* The actual cold stream must be colder than the extracted cold stream

There are some other guidelines for data extraction as well. While we take hot streams or
cold streams, temperature changes. As CP which is heat capacity flow rate is a function

of temperature, the CP value also changes. Now if we consider this part then we find that



the enthalpy-temperature diagram of such streams are considerably non-linear in nature.
The figure shows a non-linear stream which is shown by the red line here, and this non-
linear stream can be approximated by linear streams. Now, here if we see here, this part
of the stream is approximated by this part and this part, now here the stream is at this
temperature whereas the approximation which we have drawn. So, the temperature is this
that means a considerably lower temperature or a false lower temperature is shown by
the approximated stream. Now suppose, there is a cold stream which temperature falls
here; now hot stream can very well transfer the heat from this temperature to this
temperature; whereas approximated temperature which is at this temperature will not be
able to force it to the cold stream. So, such types of errors will be created if the

approximation of the stream are not proper in nature.

Now this was another approximation. Now, the rule for approximating a non-linear
stream to a linear stream is that the actual hot stream should be hotter than linear
approximation, and the actual cold stream should be colder than linear approximation.
Now this part is shown here. Now we see that this hot stream actual hot stream is hotter
than the approximation, and this actual cold stream should cooler than the
approximation. So, the rule of thumb is the actual hot stream must be hotter than the
extracted hot stream, and the second rule is the actual cold stream must be colder than

the extracted cold stream.
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Guidelines for data extraction...

+ Do not include utility streams (steam, cooling water, refrigerant, cooling air,
etc.) that can in principle be replaced by any other stream( process or utility) in
the process data unless these are involved directly in the process or these cannot
be replaced. An example of a utility is cooling water used in an heat exchanger
Since the cooling water can be replaced by air cooling, refrigerant cooling or
process stream heating, this should not be extracted. Further, when steam is
used in a shift reactor to enhance the shift process, it is not a utility in true
sense as it is used as a reactant and cannot be substituted by other stream.

Do not consider the existing plant layout. When selecting the inlet and outlet
parameters for a process stream, existing heat exchange equipment and plant
topology should not be taken into account at first. True utility targets (for
cooling and heating) should be set regardless of the existing plant layout




Now, the other data extraction guidelines are do not include utility streams, while
extracting data. The utility streams are steam, cooling water, refrigerant, cooling air
etcetera. Why we do not include the streams, because while doing pinch analysis, we
have to find the quantity of utility streams, or we have to find out how much hot utility
and how much cold utility is required. If we include these streams in with the process
streams, we will not be able to find out the requirement of hot utility and cold utility. So,
do not include utility streams that can in principle be replaced by any other stream that is
process or utility streams in the process data unless these are directly involved in the

processes or these cannot be replaced.

If these utility streams are directly involved in the process like you are using air and this
air is being used for hitting purposes by burning f well then it is directly used in the
process. Another example of utility cooling water used in a heat exchanger, since the
cooling water can be replaced air-cooling refrigerant cooling or processed in heating, this
will not be extracted. Further, when the stream is used in a shift reactor, if the stream is
used in a shift reactor to enhance the shift process, it is not a utility then because it is a
part and it is used as a reactant. So, we cannot eliminate these streams, we have to use
this as a process stream. Now the other guideline is that do not consider the other
existing plant layout, while extracting the data. When selecting the inlet and outlet
parameters for a processed stream, existing heat exchanger equipment and plant topology
should not be taken into account first. True utility targets should be set regardless of the
existing plant layout. After we do this in the stage of optimization, we can use this plant

layout.
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Guidelines for data extraction...

Soft data should ideally be extracted such that the overall process energy requirement is minimized
For this, the (+)/(-) principle of Pinch Analysis for process modilications is applicd. Thus onc should
identily hard and sofl constraints on (emperature, pressurc and cnthalpy levels. For example, a hard
consiraint would be the inlet temperature (o a reactor that cannot be changed in any way, while a sofl
constraint would be the discharged temperature of a product going to a storage, for which the target
temperature is often flexible as the temperature of the stream going into a storage can be within a

substantial temperature range.
P g Figure (a) shows the prchmmnary

composite curves for the overall
process

I, being greater than the pinch
temperature (T ;,,q), usctul heat can
still be extracted [rom the stream up to
T, This wall further reduce the hot
utility requirement based on the (1)/(-
) prnciple. The appropriate  data
extraction, therefore, in this case is
pinch temperature

Now there are concept of soft data. Soft data are those data which can be changed
considerably. Soft data should be ideally extracted such that the overall process energy
requirement is minimized and to do this plus minus principle of pinch analysis for
process modification is applied. We can give an example on this. Like suppose, this is a
hot stream and this is a cold stream, and this is a pinch temperature. Now up to this pinch
temperature, the hot stream can give heat to the cold stream. Now here we have a cooler
and a storage tank. This is the T 1 temperature and this is the T pinch temperature. So,
the cooler should cool form the T 1 temperature to the T pinch temperature, and we
should do this storage at T pinch temperature. Now suppose that earlier we are storing at
a 50 degree centigrade, which is above the T pinch temperature then we should try to
cool it down to that pinch temperature and should store it at T pinch temperature. If we
do this, then our hot utility requirement will decrease.
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Guidelines for data extraction...

*+ While extracting data, latent heat loads need some care. Theoretically, these
can be considered to be streams with a finite heat load at a fixed temperature,
for such streams the heat capacity flow rate CP (CP ~AH/AT and AT-0) is
infinite.

* Enforced matches : Often in the case of retrofit some matches between hot and
cold streams is considered as appropriate or too difficult/costly to change.
These streams or part of the stream come under enforced match and are left out
of analysis.

+ Effective temperatures: While extracting stream data from a PFD for hot and
cold streams care must be taken to present the available heat at its effective
temperature. Let us consider a part of the process to explain it.

Now, there are other guidelines, while extracting data, latent heat loads needs some care.
Theoretically, this can be considered to be streams with finite heat load at a fixed
temperature, for such streams the heat capacity flow rate received becomes infinite.
Because a boiling or condensing steam will give heat at delta T equal to zero; that means,
its temperature does not change while giving heat. Now if this is cause then when we
calculate the value of CP using q is equal to CP dt and dt becomes zero then CP becomes
infinite. Now to handle such cases, we consider that the condensing or boiling stream
temperature is decreased by a degree centigrade or so and while assuming this we get a

high CP value, but not infinite.

But if you see the actual process, this also happens. Take a case of a condenser; say
steam condenser, the steam enters at one end flows to the other end of the condenser. So,
there must be a pressure difference for this flow, and if there is a pressure difference,
there will be a temperature difference. So, taking a temperature difference of one degree
centigrade in this case, and calculating the CP, a virtual CP which will be very high does
not affect the calculation and hence it is permitted. There are some matches which are
called enforced matches. Often in the case of retrofit some matches between hot and cold
stream is considered as appropriate or too difficult or costly to change. These streams are
part of the steams come under enforced matches and are left out of analysis. There is

something called effective temperatures, while extracting stream data from a PFD of hot



and cold streams care must be taken to preserve the available heat at its effective

temperature. Let us consider an example to explain this.
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Guidelines for data extraction...

Reactor

The output of the reactor at 140°C enters the flash tank and cools down to 110°C. The
vapour and liquid leaving the flash tank is 110°C and are cooled down to 50°C and 40°C
respectively. Even though the reactor out put is at 140°C it is not available for exchange
of heat . This heat is only available at 110°C. Thus during data cxtraction only onc cold
stream and two hot streams are considered Cold-1 (30°C to 100°C), Hot-2(110°C to 50°C)
and Hot -3 ( 110°C to 40°C).

110°C
110°C
100°C

Now, suppose at 30 degree centigrade a steam enters, it goes through heat exchanger
number one. It is heated to 100 degree centigrade, it goes through a reactor. From the
reactor, it comes out to a 140 degree centigrade, it goes through a flash tank. And the
flash from the flash tank there are two streams coming out one the vapor stream which is
at 110 degree centigrade goes through a heat exchanger two, and comes out at 50 degree
centigrade and a liquid stream which comes out at 110 degree centigrade goes through

heat exchanger three and then comes out at 40 degree centigrade.

Now while doing data extraction from this PFD, the hot streams will start form 110
degree centigrade to 50 degree centigrade, and other hot streams 110 degree centigrade
to 40 degree centigrade and the cold stream will start from 30 degree centigrade to 100
degree centigrade. We will not consider this 140 degree centigrade at the starting point,
because the effective temperature for heat transfer is 110 centigrade and not 140

centigrade.
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Guidelines for data extraction...

“*Streams that undergo phase-changes and hence have irregular
temperature-enthalpy curves can be handled by the addition of
extra temperature intervals.

“*Hot streams are defined as those streams which require
cooling and in this process transfers heat to cold streams

**Cold streams are those streams which require heating and
during this process gains heat

Streams that undergo phase-changes and hence have irregular temperature-enthalpy
curves can be handled by the addition of extra temperature intervals. Like, the example is
that this is a hot stream which is non-linear in nature. It goes from temperature T 1 to
temperature T 2. Now if | want to linearize it, it can be linearized using three linear
temperature intervals; that means, T1to T4 andthen T4to T 3andthen T3to T 3. So
to do this, we are introducing two more temperature levels that is T 4 and T 3 in this
case. Now hot streams are defined as those streams, which require cooling and in this
process transfers it to cold streams. So, we will always define these hot streams are those
streams which give hit to the cold streams. And cold streams are those streams which

require heating and during this process gains heat.
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Summary guidelines

. Keep your hot streams hot and your cold streams cold

. Avoid over-specifying the problem; don’t break up streams unnecessarily

. Avoid non-isothermal mixing at the energy targeting phase

. Check and refine data in the neighbourhood of the pinch (or other areas of low net heat flow)

. Identify any possible process constraints and find targets with and without them, to see what energy
penalty they impose (the same technique as is used for targeting two plants separately or thermally linked
together).

. Only essential constraints are included in the stream data

. Stream data should be linearized gn the safe side

. Mixing should take place isothermally

. Utilities should not be extracted with stream data.

10. Data should be extracted at effective temperatures.

11. Soft-constraints should make use of the plus-minus principle to improve the targets.

12. Heat losses from a cold stream can be accounted for by the addition of a fictitious cold stream which
should be included in analysis

13. Heat loss from a hot stream can be accounted for by splitting the hot stream to signify loss and should be
left out of analysis

14. Accurate data are not always required throughout the whole problem

15. Enforced matches can be accounted for by leaving parts of the stream data out of the problem.

Now, there are some summary guidelines whatever we have talked in detail. They are
converted into summary, and there are fifteen points in the summary for data extraction
purposes. The first one is keep your hot stream hot and cold streams cold; that means, do
not mix them. The second number is avoid over specifying the problem; do not breakup
streams unnecessarily. Third is avoid non-isothermal mixing at the energy targeting
phase. Fourth one is check and refine data in the neighborhood of the pinch, and this is
very necessary because here the heat flow is low, so a little change in temperature
difference will effect a lot, because it affects the area of heat exchanger. So, the data in

the neighborhood of the pinch should be very very accurate.

Identify any possible process constraints and find targets with and without them, to see
what energy penalty they impose - the same technique as is used for targeting two plants
separately or thermally linked together. The sixth point is only essential constraints are
included in the stream data. Seventh point is stream data should be linearized on the safe
side. We have already told about this when you are linearizing the data, the linearized
data should have a low temperature than a hot stream, and the linearized cold stream data
should be hot in temperature then the cold stream. Mixing should take place
isothermally. Utility should not be extracted with stream data this is very very important

we will see in an example that we should not include utilities with this stream data.



Data should be extracted at effective temperature this | had already explained to you.
Soft-constraints should make use of the plus minus principle to improve the targets this
also we have discussed. Heat losses form a cold stream can be accounted for by the
addition of a fictitious cold stream which should be included in the analysis, this is very
important. Almost industries we incur heat losses from the hot streams, so how to
account these streams or these heat loss in data extraction phase. So, the tips is that the
heat losses from a cold stream can be accounted by the addition of fictitious cold stream
which should be included in the analysis, this is important.

The fictitious cold stream should be included into the analysis, while the heat loss form a
hot stream can be accounted by splitting the hot stream to signify loss and should be left
out of the analysis. It should be left out of the analysis, the heat loss from the hot stream
and for the cold stream it should be included in the analysis. Accurate data are not
always required throughout the whole problem. It is seen that with the approximate data,
we can do the analysis - pinch analysis, but near the pinch point data should be as
accurate as possible. Enforced matches can be accounted for by leaving part of stream
data out of the problem.
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Examples of Data Extraction
170°C

X Cooling water g0
Steam -360
/—L\/ cr 360 CP-30
30 50°C 50°C S0
o ECE Ileater LA Reactor operating at 150° il 0,

l'ced CP-3 =3

e 3
169°C 360kW 3rC

Name of the stream Supply larget Temperature
lemperature I't,°C
Ts,°C

It appears from the table that the whole system 1s 1 thermal equilibrium and thus energy conservation 1s not possible

Now, let us take some example, which demonstrates how the data extraction should be
done. We take the example one, where the feed is at 30 degree centigrade using a heater

it is heated to 150 centigrade, its CP is 3, and it goes to a reactor operating at 150



centigrade; form the reactor the stream comes out at 150 degree centigrade; obviously,
CP is 3. Then it goes to a cooler where, its temperature drops down to 50 degree
centigrade. Now, here you will see that in this heater | am using a stream, which enters at
a 170 degree centigrade and comes out at 169 degree centigrade. This | have explained
why | have taken one degree drop in the steam. Moreover most of the books you learn
that the steam heating is a isothermal heating; that means, that the temperature remains
constant. But practically if you see the steam is flowing there is a pressure drop and due
to this pressure drop there will be a temperature drop.

Now the capacity of the heater is 360 kilowatt; similarly, in the cooler the cooling water
enters at 30 degree centigrade comes out at 40 degree centigrade, and the capacity of the
cooler is 300 kilowatt. Now if I do this data extraction of this PFD then the hot is starting
for 150 centigrade to 50 degree centigrade, CP-3, and heat exchange is 300 the hot-2 is
170 to 169; CP is 360, and heat exchanger is 360. And then the cold stream is 30 to 150
having a CP of three heat exchanger is 360, and cold-2 30 to 40 CP is 30 and heat
exchanger is 300.

Now, we will see that here 300 units is given here 300 units heat is taken, here 360 units
is given and 360 units of heat is taken by cold 1. So, what we observe, here the negative
sign is so the heat to be given by a stream, and the positive sign shows heat to be
received by a given stream. If you overall analyze that it appears from the table that
whole system is in thermal equilibrium and thus energy conservation is not possible, but
this statement is not true. And the second part of this analysis we see that we can
conserve energy, we can decrease the heater capacity form 360 to 60, and we can
eliminate this cooler. Why this has happened here, because | have conceded the utility
streams as process streams in the steam table, so utility streams would not be considered

while extracting the data.
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Examples of Data Extraction
1 Whereas, from following figure it is clear that internal heat exchange is possible
up to the extent of 300 kW and cold utility can be eliminated.

This has happened because we have not followed the rules of data extraction which tells “Do not
include utility streams (steam, cooling water, refrigerant, cooling air, ctc.) that can in principle be
replaced by any other stream (process or utility) in the process data unless these are involved directly
in the process or these cannot be replaced.”

500 product

7
7 13

g Toouw > _150° : 150°
30° foed /\/—- e Reactoroperating at 150°  ———,

. // 3 C,=3

300 kW
Process flow sheet indicating internal heat transfer

Correct extracted data for the above figure

'mmam‘mm - Tang e

Hot-1
Cold-1

Whereas form the following figure, it is clear that internal heat exchanger is possible up
to the extent of up to 300 kilowatt, and cold utility can be eliminated. Now form this
figure we see that this feed goes from 30 degree centigrade to this point, and then | have
to use a 60 kilowatt heater only then it goes to 150 degree centigrade and comes out 150
degree centigrade, this can be recycled back to this heater. And this product goes at 50

degree centigrade which is the required temperature.

So, you see in this figure, | have replaced a 360 kilowatt heater by a 60 kilowatt heater,
and cooler has been eliminated. Why this has happened, this has happened because we
have not followed the rule s of data extraction, which tells do not include utility steam,
cooling water, refrigerants cooling air etcetera that can in principle be replaced by any
other stream in the process data, unless these are involved directly in the process this
cannot be replaced.

So, in the previous example, we have done a wrong thing; that means, we have included
the utility streams and that is why we are not able to save energy. When we eliminate
those utility streams, we find that the hot utility and cold utility can be saved as it is
shown in this diagram. So, my correct data extraction will be hot from 150 to 50, CP-3,
delta H minus 300; and cold 30 to 150, CP is 3, this is 360. So obviously, the amount of
heat required by the cold stream is 60 units more than the available heat of 300, and

hence | have to put a heater of 60 kilowatt to satisfy the process.
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Examples of Data Extraction

Feed 2 230° -
R P 2 Z
cactor o B0

140° : 200
AH=2MW CP=005 Product 2
Feed 1 :
Off gas

20° " 180° 2500
CP=015 | we

AH =-31.5 MW
AT, is10°C
_ 10°
Stream Type Supply larget bu Ileat capacity
temp. Iy temp. T | (MW) flow rate CI*

o | o W) L Product1

20 180 | 32 0.2 40°
/0 40 315 | 045
40 B0 27 03

200 80 -30 0.25

Let us take another example. Here there are two feed streams one feed stream going to
the reactor, and whatever comes out partly goes to the reactor two and partly goes to this
system which may be a expander. Or this is a flash tank and feed 2 goes to the reactor
two and whatever product comes is cooled down and we are getting product two here
and here we are getting product one. If we see the temperature levels, feed 2 is at 140
degree centigrade it is heated by a heater here, and we are providing 27 megawatts for
this purposes, and it is heated up to 230 degree centigrade; that means, as the stream is
receiving heat this is a cold stream as per the definition.

Similarly here the feed 1, enters 20 degree centigrade this is heated up to 180 degree
centigrade the delta H is 32 megawatt that means it takes 32 megawatt to heat it form 20
degree centigrade to 180 degree centigrade. So, as this stream is getting heat from
outside, this is a cold stream; its CP is 3.3, and its CP is 0.2. Then the hot stream which
comes out at two 150 degree centigrade splitted in two parts; this parts goes to the
reactor 2, having c p equal to 0.05; this part goes to a cooler where this is cooled down
from 250 degree centigrade to 40 degree centigrade. As it is giving heat, so it becomes
hot stream shown to you by red line.

Then off gasses is coming out at 40 degree centigrade and the liquid is coming out at 40
degree centigrade which becomes product 1. Then form the reactor 2, the reactants or the

product comes out at 200 degree centigrade, the product comes out at 200 degree



centigrade it is cooled down to 80 degree centigrade. And as this stream is cooling down

and giving heat it is a hot stream, and it is giving heat 30 megawatt.

Now our job is to extract data from this process flow diagram and create a stream table.
Now let us see the delta T minimum we have considered to 10 degree centigrade for this
case. Now this cold stream which is called cold 1 is form 20 degree centigrade to 180
degree centigrade; this delta H is 32, and this heat capacity rate is 0.2. The hot 2, this is
250 degree centigrade to 40 degree centigrade; the delta H is minus 31.5, and CP is 0.15.
And for cold 2, this is the data; and for hot 4, this is the data. So, we have extracted data
from this PFD, and this is our stream data table and this is the starting point for the

further analysis of the system using pinch analysis.
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Examples of Data Extraction
60°
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Process flow shect of a typical process with having distillation column, reactor and heat exchangers

Let us take another example example number three. Now here the feed enters at 20
degree centigrade, CP is three, it is heated by this hot comes to 134 degree centigrade
goes through a distillation column. And stream is coming out is 60 degree centigrade, it
goes to exchanger number one comes at 140 degree centigrade, it goes to the reactor and
this recycles back to the reactor. And the product one is going this way, another is going

to this way to heat exchanger number one and comes out at 70 degrees centigrade.

Now we can extract heat from here and make a stream table. This is hot 1, hot 1 starts
from 150 degree centigrade hot 1 it is taking, and it cools down to 70 degree centigrade,
and CP is 2.5 - the CP is 2.5 here. The hot 2 is this, it goes form 150 degree centigrade to



50 degree centigrade, and CP is 3.4. And similarly cold 1, which starts at 60 degree
centigrade goes to heat exchanger and got heated up to 140 degree centigrade, and the
CP is 2.5, this would be 2.5, it is not four - it is to 2.5. And the cold 2, cold 2 is this; it
starts from 20 degree centigrade goes to 134 degree centigrade and CP is 3. So, this

shows data extraction of this PFD.

(Refer Slide Time: 38:33)
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