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Module - 5
Energy (or Heat) Integration of the Process
Lecture -23
Concepts and Basic Principles of Energy (or Heat) Integration - Part |
(Composite Curves and Delta T min)

Welcome, we will start today the fifth module of our course that is heat integration of the
process. So far we have studied the protocol of design of a process. How the design
evolves through several steps, the hierarchy of decisions is first that we have to decide
whether we have to go for batch process or continuous process. Then we have to decide
the input output structure of the flow sheet, then the recycle structure of the flow sheet,
then we have to design the separation processes and finally is the heat integration of the

process.
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Selection of the process and decision decisions on major processing steps reactor
separators and recycle steam gives us the complete energy and material balance of the
flow sheet. That is if we talk about the ((Refer Time: 01:14)) type of design, the inner
most ((Refer Time: 01:18)) is the reactor design, then comes the separation systems then

comes the heat integration. So, the design is evolving from center to outside of the design



((Refer Time: 01:28)) and then we are now at the outermost layer that is heat integration

of the process, but heat integration of the process requires all the data.
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Now, we have completed all the previous steps we have that data, so that is what we note
that. Final stage in the process design is the heat integration for which heating and
cooling duties on all process steams should be known. Then completing the design of
heat integration network is not necessary in order to assess the competent flow sheets.
We are still at the conceptual design means we are assessing the profitability of different
flow sheets on pen and paper.

Therefore, while short listing some of the best flow sheets we do not have to design the
entargeted exchanger network, we can identify the targets. So, the targets can be set for
heat exchanger network to assess the performance of the complete design without
actually carrying out the network design. These, targets allow us to evaluate both energy
and capital cost of heat exchanger moreover the targets also allow the designer to suggest

process changes for reactor separation and recycle steam.

Obviously, the goal is to minimize the energy requirement of the process as possible
because energy is costly whether we have to heat or whether we have to cool we have to
spend energy. So, the heat integration of the process means essentially utilizing the
excess heat surplus heat at one part of the process for meeting the demands at the second

part of the process where the heat is in deficit.
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The use of targets for heat exchanger network rather than the complete design allow
many designs for overall process to be screened quickly and conveniently. We shall see
as how to identify the targets for heat exchanger network after integrating or after
recovering as much heat as possible within the process some heat still needs to be
supplied externally in the form of utilities, so just steam liquid. So, that is the heat
requirement secondly when all of the heat is all of the excess heat is absorbed in the
process itself the process terms which need to be cooled to room temperature or even
below that those cause load on the cooling water requirement.

So, that also can be taken as a heating load because we have to circulate cooling water
then we have to operate cooling towers to restore the temperature of cooling water so and
so forth. However, as | said that we do not have to we are at a stage of screening of
process alternatives. We do not have to go for a complete heat exchanger design, we
have to only identify the targets that means we have to identify the minimum hot utility
requirement and the minimum cold utility requirement. Now, let us see how we can do it,
I am giving here an example, first of all we have to go for composite curves. The
analysis of heat exchanger network requires first the identification of sources of heat hot
streams and strings of it cold streams from the material and energy balance.

Now, consider the example that is appearing on the screen, now we have one hot stream

and one cold stream. The supply temperature of the cold stream is 40 degrees and the



target temperature is 100 and 10 degrees and heat that are available with this or the heat
that needs to be supplied to this steam, this steam is 14 mega Watts. Then we have
another hot screen which is available at 160 degrees and the target temperature it needs
to be cooled in 40 degrees. It has minus 12 mega volt that is minus indicate surplus or
plus indicate deficit, so minus 12 mega Watts of heat available. Now, we have to absorb

as much heat from the hot stream into the cold stream as possible.
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How we can achieve that, for that purpose we plot the two steams on an H T diagram
which means on the x axis, we plot enthalpy and y axis we plot temperature. So, on the
screen you see, now the two steams the hot stream is available at 160 degrees it is getting
cooled to 40 degrees. Then the cold stream is available at 20 degrees and it is getting
cool heated to 100 and 10 degrees. Let us see, now how you can do it, now | am plotting
the two curves and that you see on the screen, now below here you will see the same

steams plotted in the form of flow sheet.

Now, we have to decide the minimum if these two teams are contacted in heat exchanger
what should be the delta T min at any end of the heat exchanger. We know from basic
heat exchanger theory that the area of the heat exchanger is proportional to, sorry
inversely proportional to the overall heat transfer coefficient and the L M T D the delta T
min. So, we have the relation Q is equal to u a delta T min for a given heat duty Q the

area of heat exchanger is Q divided by u into delta T min. Now, the delta T min we set



two as a minimum, so we assume that the minimum delta T min at any end of the heat
exchanger should be about 10 degrees. Now, this 10 degree has come out of experience it

is an empirical value.
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So, we have the hot utility steam available at 180 degree and cooling water at 120
degrees then heating all cold streams with steam and cooling with all hot streams with
water would be waste of energy. So, we have to see as much coupling between the hot
and cold stream that we are given as possible, so that the load on steam and cooling
water reduces. Now, the scope of heat recovery is identified by plotting both the steams
on the diagram that | just said and then we set delta T minimum at any end of the heat

exchanger were as 10 degrees.

Then, you can see that the reason of overlap between the two curves gives us the amount
of heat that could be recovered and for delta T minimum equal to 10 degree centigrade.
We have a heat recovery of 11 mega Watts, we have a heat recovery of 11 mega Watts,
but despite this even after recovering you see how much heat was available with hot
stream. It was 12 mega Watts, how much heat was to be was required for heating the
cold stream of 14 mega Watts out of which 11 mega Watts is coming from the coupling

between the two steams.

This leaves 3 mega Watts to be supplied to the cold stream to meet the 14 mega Watt

demand and the hot stream is still left with 1 mega Watt of energy. Now, these two could



be these two energy requirements could be met with steam and cooling water as |1 am
showing here the hot stream. The cold stream after absorbing 11 mega Watts from hot

stream is still left with 3 mega Watt.

So, that is supplied by steam the cold stream after taking the hot stream the hot stream
after giving 11 mega Watts to the cold stream is still left with 1 mega Watt and that
could be taken out using cooling water. Now, this delta T minimum was an empirical

value as | said now how we can see the effect of this particular empirical parameter.

(Refer Slide Time: 10:03)

) Db v e~ . R o-Sar-

Can nak DL hiabd Wy vecevered haal ond vepuices gtam

= N \ Lot Wiy o P
This s \ L. v, ot @ ; ‘7 o "'""”“5“;' *.w‘ggj Qtmin |
whicda  fwe TWis AT s BMW

N Siadlanty Davtr ab ket shrrowa h'm.m}rY bets svd
swit o cal? Shrtam Canrat  be vl VTareih eat
LAl And vyuirts corlive wWmli: Mg & wdn

- i \I
ety uriily —4&

L-\Hv\
J
- Shparn  belond The T-H ii.ng"-.m % Thi Qwwargensnt o
haar 2xdegratag -
FEATURES B T wH charse e shrtam Card khance fur
Slopes) Canmal be caswed] Wb elabve poikn oF
Tho Greaw— (AN Srawitd by haizml Mavewent
3 A

—

s W » B
Suppose, we change the delta T minimum to 20 degrees, now how we can do that this we
can do by shifting the curves horizontally we can change the enthalpy, we can change the
relative enthalpy by shifting the curves horizontally. Then in the second graph which is
now shown the right hand side of the screen we have delta T minimum is 20 degrees.
Now, after you shift the cold curve on to right hand side that decreases the overlap

between the two lines.

The two streams here the Q recovery or the heat that is recovered through the coupling of
the two streams is reduced from 11 mega Watt to 10 mega Watt, when we have delta T
minimum equal to 20 degrees. Then this is this particular feature leaves 4 mega Watt
deficit with the cold stream which has to be met with steam and 2 mega Watts of excess

with hot stream which has to be taken out using cooling water.



So, if you compare these values that Q ¢ min in case of delta T min minimum equal to 10
degrees and Q H min minimum hot utility for delta T min equal to 20 degrees and you
see that as delta T minimum value increases the load on the utilities also increases. So,
that point I have noted here the features e temperature or enthalpy change for stream and
hence their slopes that cannot be changed, but relative position of the streams can be

changed by horizontal movement.
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This is possible since the reference enthalpy for hot streams can be changed
independently from the reference enthalpy of the cold streams when delta T minimum
equal to 20 degrees as the cold stream is moved horizontally away from the hot stream
the overlap between the streams. Hence, the heat recovery decreases the new values for
delta minimum 20 degrees are Q ¢, Q recovery equal to 10 mega Watt Q H min equal to
4 mega Watt. Q ¢ min equal to 2 mega Watt, the minimum cold utility Q ¢ min is equal
to minimum cold utility g H min is minimum hot utility and the values are 2 and 4 mega

Watt respectively.

This approach can determine the hot and cold utility for a given value of delta T min
importance of the delta T mini delta T minimum is that it sets the relative locations of the
hot and cold streams. Therefore, the amount of heat recovery, Let us extend the same

theme for multiple streams.
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Now, we shall have two hot streams and two cold streams and then we shall see how we
can couple the streams to have as maximum heat recovery as possible for a given delta T
minimum. Now, what you see on the screen is a simple process, we have two reactors
with feeds feed 1 is at enters at 20 degrees and it is heated to 180 degrees. Then, the feed
1 enters at 20 degrees and is heated to 180 degrees to reactor 1 so that requires 32 mega
Watt of energy feed the feed for reactor 2 is at 140 degrees. It needs to be heated to 230
degrees for entering the reactor, so that delta H is the heat requirement is 87 mega Watt
the output of reactor 1 also enters reactor 2 part is sent to reactor 2 and part is sent for
separation and the product of reactor 2 is comes out at 200 degrees. It has to be cooled to
80 degrees, so it gives out about 30 mega Watts of heat. The product of reactor 1 is
splitting in two parts as | just said one part goes to reactor 2 another part is cooled and
that gives out 31.5 mega Watt of heat.
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So, we have essentially two hot streams and two cold streams reactor feed 1 cold stream
supply temperature 20 degrees target temperature 180 degrees heat capacity flow rate.
Now, heat capacity flow rate essentially mass rate into heat capacity mass or molar flow
rate that depends and the corresponding heat capacity. So, this is because we have the
basic relation Q is equal to m ¢ p delta T and here we are coupling the m into c p, so as to
get the heat capacity flow rate. So, m into c p is the flow rate capacity and the units of

that as mega Watt per degree centigrade.

Now, m value you can define either in molls or mass, so ¢ p will also correspondingly in
either mol per degrees like the joules per molls degree Kelvin or Joules per kg per degree
Kelvin depending on what you need for them. But for heat capacity flow rate will always
have units of mega Watt per degree centigrade or mega Watt per Kelvin depending on
the units that you need. So, we have the stream data is given reactor product one is a hot

stream supply temperature 250 target temperature 40 heat capacity flow rate 0.15.

So, it gives out minus 31.5 mega Watt of heat reactor feed 2 is a cold stream and reactor
product two is a hot stream. So, that has energy requirement of 27 mega Watt and energy
surplus of 30 mega Watts each. The two sources are the two streams are sources of heat
and two are sinks if the heat capacities of the streams are constant the heat content in the
hot and cold stream can be determined using the heat capacity flow rate which is a

product of mass molar flow rate as | just said.
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Now, what wee plot are hot streams the left hand side plot this plot use the H T diagram
for the two hot streams and these hot streams are plotted separately one stream goes from
250 to 40. Second stream goes from 200 to 80, 31.5 mega Watt of surplus with first
stream 30 mega Watt with second.

Now, these two streams can be combined to form a composite hot stream here what will
happen is that temperatures will remain the same. But ¢ p values will get added like for
example, in the temperature interval of 80 to 200 will have two streams because the
stream one is going from 40 to 250. So, it is available in the temperature interval of 80 to
200. So, in this particular temperature interval the two streams are available, so they add
together and the total ¢ p for that is 0.4 between 40 to 80 interval, temperature interval 40

to 80 degree centigrade.

We have the c p only one stream the ¢ p 0.5 and above 200 degree again we have only
the first stream. So, there ¢ p is on front and then we can have a composite H T diagram
which gives us the available heat in a particular temperature interval. For example,
between 40 to 80, we have total 6 mega Watts of heat available between 80 to 200 we
have 48 mega Watts of heat available and from 200 to 250 we have 7.5 mega Watt of
heat available so that adds up totally 261.5 mega Watt.
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Similarly, we can do for cold streams also what you see on the left hand side is the
individual plot the two cold streams plotted separately, the first stream going from 20 to
180, second stream going from 140 to 230. Now, in a similar way we find that in the
temperature interval 140 to 180 both streams are present. So, when we make a composite
diagram of the cold streams, we can see that between 20 to 140 only first stream is
available. So, ¢ p 0.2 between 140 to 180 two streams are available, so their heat
capacity flow rates get added and then we have ¢ p equal to 0.5. Then after 180 degrees
again we have first stream that is ¢ p equal to 0.3. So, this gives us again distribution of
heat requirement against temperature interval between temperature intervals 20 to 140.
We need 24 mega Watt between 140 to 180 we need 20 mega Watt and 180 to 230 we
need 15 mega Watts.
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So, the composite diagrams gives us an overview of the process hot streams are the
overall behavior of the hot streams can be quantified by combining them together in the
given temperature range. All this points which I just said | have noted in this slide the
temperature ranges in question are defined where an alteration occurs in overall rate of
change of enthalpy which temperature for constant heat capacities alterations occur only
when stream start or finish. Thus, the temperature axis is divided into ranges defined by
supply and target temperature of streams within each temperature range the streams are

combined to produce the composite hot streams.
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The ¢ p of composite hot streams is a sum of individual streams in any temperature range
the enthalpy change of the two of the composite streams is the sum of individual streams.
Now, what we see here is the two composite streams plotted together and the same
diagram. Now, this is the hot composite stream and the lower one is cold composite
stream and these are plotted on the same H T diagram. Now, we will see that for delta T
min is equal to 10 degrees the region of overlap between the two streams which is

essentially the heat recovery the one which I am marking.

Now, is 51.5 mega Watt Q recovery is 51.5 Watt, now we shall calculate these values
later for time being | am just giving you the direct answer, but we are going to treat the
same problem later and then we shall actually calculate these values. The after meeting
51.5 mega Watts of heat recovery, we have the cold streams left with energy requirement
of 7.5 mega Watt which 1 am marking. Now, the hot composite curve extends beyond,
sorry the cold composite curve extend beyond the hot composite curves to this much
extend which I am marking and this is the minimum hot utility requirement Q H min this
is this 7.5 mega Watt.

Now, the part of hot composite curves that extends beyond the cold composite curve
which is already marked here, | have written here Q ¢ min that is the minimum cold
utility requirement and this turns out to be 10 mega Watt. So, we have both complete
heat exchanger network target available here. We have Q recovery, Q recovery ranging
in this ray the one the marked the arrows in red that is the region of recovery that is 51.5
mega Watt after this heat recovery we are left with 7.5 recovery of heat requirement for

cold streams that is met with hot utility.

So, that is Q H min and after this heat recovery we are left with ten mega Watt of excess
heat with hot composite curves which is taken off from cold streams, so that is what the
overall energy target is. Now, as we did in the previous case we can change the delta T
min delta T min here was assumed to be 10 degrees, we can change delta T min to 20
degrees by shifting this curve the cold composite curve horizontally to right. Now, what
will happen, obviously the region of heat recovery will go down the heat recovery in this
now is only in this range the one that is marked red. So, this is the region of heat

recovery, Q recovery which is which has now reduced this region has released.



Therefore, a lot of heat requirement is left out the amount of heat that needs to be
supplied to the cold streams through hot utility is now 11.5 mega Watt. Now, this again
values we are going to calculate, so the Q H min increases from 7.5 mega Watt to 11.5
mega Watt. Then the Q ¢ min lot of heat remains in the hot composite stream after
absorption into the cold stream and then the Q ¢ min is now 40 mega Watt. So, that is
how the picture changes with increasing delta T min with the load on hot utility and cold

utility changes, so all those points | have noted here.
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The left diagram gives plot of composite curves for delta T min equal to 10 degrees
while the right diagram gives plot of composite curves for delta T min equal to 20
degrees where the curves overlap. The heat can be rejected vertically from hot streams
into the cold streams the way in which composite curves are constructed monotonically
increasing hot composite curve. Monotonically decreasing cold composite curve allows
maximum overlap between the curves. Hence, the maximum heat recovery for delta T
min equal to 10 degrees Q ¢, Q recovery is 51.5 mega Watt.
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When the composite curve extends beyond the start of hot composite curve and where

the hot composite curve extends beyond the start of cold composite curve. The heat

recovery is not possible and utilities must be used and then for delta T min equal to 10

degrees the minimum hot utility is 7.5 mega Watt and minimum cold utility is 10 mega

Watt.

Now, there are three variables here Q ¢ min Q H min delta T min specify any of the three

variables fixes the relative positions of the composite curves, but usually delta T min is

used as a variable rather than Q ¢ min and Q H min. But depending on situation either

you can also specify Q ¢ min or Q H min and then that fixes both any fixing any of these

three variable fixes the other two variables. So, as per as two stream cases concern the

relative position of the curves also degree of freedom at our disposal.
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The relative positions of the two curves can be changed by moving them horizontally for
feasible heat transfer from hot streams into cold streams, hot composite curves must
always be above the cold composite curve. If the delta T min is increased to 20 degrees
by shifting the cold curve to right the hot and cold utility targets increase to 11.5 mega
Watt and 14 mega Watt respectively.

Now, correct setting of delta T min is fixed by the economic tradeoff between operating
and capital cost obviously if delta T min increases the Q ¢ min and Q H min increase, but
the area of individual heat exchanger reduces the area of heat exchangers in which the
hot and cold streams are coupled. So, Q ¢ min and Q H min indicate basically the
operating cost and delta T min indicates the fixed or capital cost delta T min increases
area decreases capital cost decreases. But at the same time Q ¢ min and Q H min increase
which means the operating cost decreases. So, there has to be an economic trade off for

deciding the optimum level of delta T min.



(Refer Slide Time: 27:46)

DdwPid 1)9€~ - (FHI-0-Du -

IS
Torsk Lot
s ' T £ e Tre htar G)ldnnmin-f
/ : (ohu.-< e avta 8 band, T
Laobd cpr A i Oxdan

i o .
! B s -
2 AF L Saet Feal nortase
n Kin acrteses bat Oy ad

Qc”.‘“ A 'u.-m.l‘ lead ™ i kel

ard @ uilikes Yat nicesc. Mcrp-.,.w-f et

s Uren e hot Comniile any el e cadve, et
nds, Tee dviviey fnv  becess mg Tl 'ﬁ.q_.\r‘i
Qxd.-aw{w Qrta. \é.gmr:mu.nr a.c.., o Infonihy

So, that is what is plotted here increasing delta T reduces the heat exchanger area. Hence,
the capital cost of the exchanger at the same time increase in delta T min increases both
Q H min and Q ¢ min. Hence, the load on cold and hot utilities that increases the
operating cost when the hot composite and the cold composite curves just touch then the

driving force becomes 0 and the heat exchanger area requirement goes to infinity.
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Thus, there is always a tradeoff between energy and capital cost, so you can see here that
the total goes through a minimum at delta T min at with respect to delta T min. There is



always a delta T optimum your experience tells that delta T minimum is 10 degrees for
70 heat exchangers, but for other exchangers other type of the here could be the this, this

could vary, so that thing you see on the screen.

Now, that is also an economic degree of heat recovery we cannot go there are some
constants where which restrict the amount of heat that could be recovered between hot
and cold steps. So, the practical constraints on delta T min are to achieve small delta T
min in design heat exchanger should exhibit pure counter current flow. That is a basic
aspect that we have learnt in heat transfer process with shell and tube exchanger time is
not purely counter current even with shell and pass on shell and tube side. So, the delta T
is reduced delta T min less than ten degrees is not advised unless special circumstances

prevail.
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For plate heat exchangers delta T min as low as 5 degrees could be possible or could be
achieved and this value can go down to 1 or 2 degrees with plate and fin design. These
constraints apply to only those exchangers that are placed around the point of closest
approach between composite curves. Remember, that these constants apply this; we shall
come back again when we study the pinch technology additional constraints apply if
vaporization condensation occurs at the point of closest approach. Now, the heat
recovery pinch correct setting of composite curves is determined by economic tradeoff

between the corresponding tradeoff corresponding to economic delta T min.
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Assume that a correct delta T min is assumed and this fixes the relative positions of the
curves. Hence, the energy targets the delta T min for composite curves and its location is
important if the energy target is to be achieved in design of heat exchanger network delta
T min is normally, but not always observed at only one point between the hot and cold
composite curves called as the heat recovery pinch. The pinch point has the special
significance in the design of heat exchanger network. We shall come back to this point
again as | said when we shall study the pinch technology of heat exchanger network
design.



(Refer Slide Time: 30:53)

LR L

) D Pl 0D -
A

Lo |

|
| Tdfud O
A A

2

= *(Ln.ﬂ .‘f{n\.d)

4 Tonde aft qusl-ol-?: No ndivideal M‘nﬂv-?.r Sronld rave
ATain <Wc:  ag \'&EQQ iRy zaken © sl Oxcla
naduwerk, clu:lv\ - 99 AUl Nat ATin S Naved our

A Ty vihoale Prean tar e divided at 'p\"‘d-& oy Tollpuns

How we can design the coupling of the streams, so has to have maximum heat recovery.
Now, the trade off suggests that no individual exchanger should have the delta T min less
than 10 degrees. Now, this is the good initialization in heat exchanger network design
assume that delta T min less than 10 degrees never occurs the whole process can be
divided at pinch where the two curves are closest. So, this point is the pinch point where
the delta T min is 10 degrees, so the whole process can be divided at pinch as follows

one is the below pinch this portion, this envelop and above pinch which is this envelop.
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Above pinch in terms of temperature the process is in heat balance with Q H min that is
minimum hot utility the heat is received from the utility, but it is not rejected. Thus, a
process is a heat sink above pinch which means in this region above pinch is this region
here. The process is heat sink because heat is been absorbed from the hot utility that is Q
H min, but not rejected below pinch process in a heat balance with Q ¢ min or minimum

cold utility no heat is recovered, but rejected to cold utility.

Thus, the process is a heat source here we are not absorbing any heat from outside, but
only rejecting the heat to cold utility Q ¢ min. So, the process is heat source consider
possibility of transferring heat between two systems if it possible to transfer any heat
from hot streams above pinch into colder streams below pinch by contrast. The transfer
of heat from hot streams below pinch into cold streams above pinch is not possible

without violating delta T min constraint.

So, what we see now is that suppose you want to this is the here the process is divided at
the pinch. This is below pinch, this is above pinch, and if you want to pass heat from the
streams above pinch to streams means hot streams above pinch to cold streams below
pinch it is possible, but above is not possible. The reverse is not possible, you cannot
pass this streams the heat from hot streams below pinch to the cold streams above pinch
why because as you go above pinch here. Let us say the pinch occurs at delta some T the
temperature here increases and the temperature here decreases. So, the delta T min
constraint is highlighted as you go in a heat exchanger from one end to the another.
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If a quantity of heat x p is Transferred from system above pinch to system below pinch
there is the heat deficit of x p above pinch the only way to rectify this problem is to
import an extra x p of heat from hot utility that will increase Q H min. If you pass some
heat from above pinch to below pinch streams then there will be a heat deficit here.

Then, that deficit can only be fulfilled by importing more from hot utility Q H min
likewise an excess of x p below the pinch leads to export of an extra x p to cold utility
analogous effects can be caused by improper use of utilities example is given here. If
some cooling water is used to cool hot streams above pinch to satisfy this enthalpy
importance above pinch Q H min plus x p. It needs to be imported from the steam or hot
utility or moreover Q ¢ min plus x p cooling water has to be used, so that is that is the

imbalance between the processes.

If you if you give out some portion x p heat x p from above pinch to below pinch there
will be heat deficit here. So, here it will be Q H min plus x p this much of heat needs to
be imported from hot utility that it will just load on hot utility. Similarly, the heat that is
has to be rejected to cold utility also goes up by same amount, so Q H min and Q ¢ min
both increase if you transfer heat across pinch. Therefore, when we are designing the
heat exchanger network we have to see the steams above pinch, we have to see the
streams below pinch. Then make a match between the two that that thing we shall come

again we shall come again when we shall see the enthalpy intervals.
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Other inappropriate use heating of cold streams below pinch by steam say by amount x
p, this is one another improper use in this case the Q H min must still be supplied above
pinch to satisfy enthalpy imbalance above pinch. So, the total utility in this case will
again be Q H min plus x p above pinch and Q ¢ min plus x p below pinch to achieve the
energy targets set by composite curves. The designer must not transfer heat across pinch

by process to process heat transfer and inappropriate use of utilities.

So, that is how that gives you the essence of the pinch the heat recovery pinch. So, the
process is divided at this pinch that should not be process to process transfer across pinch
where also should not be inappropriate use of utilities above and below pinch no hot

utility below pinch no cold utility above pinch.
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These rules are both necessary and sufficient to ensure that the energy target is achieved,
provided the initialization value is adhered to that individual heat exchanger operates on

driving force less than delta T min.
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THRESHOLD PROBLEM™S

So, that completes the basic theory of the heat exchange, heat recovery principle. Now,
let us see some special cases like threshold problems not all of the process have a pinch
dividing the process in parts consider the curve a in the figure that is shown on left hand

side of the screen which is constant coupled to three curves one two and three.



Now, a is a hot composite curve and we have only one stream or let us say cold
composite stream which in with constant slope and that is shown in three parts. Now, as |
said you cannot move the cold composite stream horizontally that will change the delta T
min. Now, initially position three now in position three you have both you have Q C min,
but not Q H min.
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If you couple a with one coupling A 1 coupling A 1 both steam and cooling water are
required as the low curve moves closer to curve a lower curve means the cold composite
curve. As the cold composite curve moves closer to curve a both steam and cooling
water requirement decrease until the coupling A 2 is achieved like here A 2 coupling.
Now, here you can see that a Q H min here becomes 0, because the target temperature of,
sorry let the target temperature different the enthalpies are exactly matching when you

have coupling A 2.

There, is no hot utility required moving the curves closer decreases the cold utility
demand at the colder end, but opens up for cold utility at hot end correspondent to
decrease at the cold end. So, you require cold utility both above and below pinch, you
can see here that once the curve goes to for a three coupling after a three coupling even

after the what you say the cold composite curve is absorbed all the heat.

There is still heat left with the hot composite curve that becomes a load on the Q ¢ min

moving the curves closer decreases cold utility demand at colder end, but opens up



demand for cold utility at hot end corresponding to decrease at the cold end. In other
words, as the curves move closer beyond A 2 the utility demand remains constant, so that

is how is shown in this figure.

This is for case one, case two, case three to the three positions as you go beyond three
positions there is no hot utility, but the cold utility demand goes up. So, here the hot
stream between this temperature and this temperature the hot streams have to be cooled
using cold utility. That is very strange that we are using cold utility above pinch because
as | just said that you cannot use cold utility above pinch, but in this particular case you

have to use because does constraint of the cold composite curve.
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Setting A 2 marks threshold and a problem exhibiting this feature are known as
threshold, problems in some problems hot utility requirement disappears. In some cases
the cold utility requirement disappears cold utility requirement disappears. So, what |
have plotted here is the cost the energy cost decreases as delta T min decreases as the
second curve moves closer to the curve A. Then after delta T threshold it remains
constant but the capital cost keeps on increasing as delta T min decreases the capital cost
keeps on increasing.

So, from here you have an optimum whether the delta T min optimum will be the delta T
threshold that depends on particular case like for example in this case in case a the T

optimum and T threshold are same. But in certain cases they may not be same like the



total cost may show least at some T optimum, but the threshold shows the energy
requirement becomes constant and after certain delta T min a threshold. So, in this case
the optimum delta T optimum as per the cost is not same as delta T threshold, but in

some cases it is ok.

(Refer Slide Time: 42:31)

e Ve et Atees leen tay

L) Dbd e P - PE - VA EAL A0 5 ' ol

CAPT TAL [ ENERGY Tondt ot e tarmietd pralones

T possibie Onrconns, - (et A £ =2t & G c,..g:..i,f.“,._,w
trde oH  frc Tarswald prifne ot Saawm. .

3 Blay Taveheld BT.A..,*\“‘.L, Aol ovd trivyy 05
art watmnl . Gvagh A Saows This  SihaXm. Heve ™
Oek anuws OCLuwS Al T ‘M'Q ﬁwl_lwlr\- In T femd Cdat
( s B), T Same Sokmum occars AvE Tavrslhl X,

%ﬁ,.[ F"“;"IJ. it O#M‘I et e _1""'"“\-‘-;‘:} b"'w') e taws
Dot ookmum an weath octuy belay Mo Tt i) vl
Ir can ocuar oy ab or abive hvehatd valug

|
4
| :
-

Now, let us see the capital and energy trade off for threshold problem the two possible
outcomes case A and case B, which I just discussed for capital energy trade off below
threshold delta T min utility demand. Energy cost is constant graph A shows this
situation here the optimum occurs at threshold delta T min. In the second case, the same
optimum occurs above threshold delta T min the flat profile of energy costs below
threshold delta T min means that optimum can never occur below threshold value it can

occur only at or above the threshold value.
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Now, in case A where that optimum delta T min is at threshold, there is pinch. On the
other hand, for case B with optimum value above threshold value there is demand for
both utilities and then and there is a pinch, now threshold problems are quite common. In
this case, we can introduce a pinch although when we actually plot the process curves.
We absorbed no pinch, but we can introduce a pinch by addition of utilities like for
example, in which case A which we have shown the hot composite curve remains the
same for the cold composite curve. We divided into two parts, the first part and then here

we shall have intermediate, we shall have steam generation.

Then, we have the cold utility, so that generates a pinch, another this is so likely utility
addition on cold composite curve in some cases like here, sorry not steam generation
means we are using steam here to keep the to heat up. The cold stream in between in
some cases you can use the steam generation, so this is steam supply here we have steam
generation hp steam generation here. What will happen before coupling the hot stream to
the cold stream, we shall first use it for high pressure steam generation to reduce the

enthalpy add constraint temperature and then in certain portion we shall couple.

Then, here we introduce the pinch and there after again we have low pressure steam
generation after taking up certain heat, then we shall couple to the composite stream. So,
these are the actual heat recovery areas, so these are the Q recovery areas and here we

have intermediate utility generation.
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So, these points | have noted which | just discussed case A shows the composite curves,
but with two levels of utility instead of one the second cold utility is steam generation
introduction of second utility causes a pinch known as utility pinch. Then case B shows
composite curves with two levels of steam introduction of the second steam level causes
utility pinch. Same rules must be obeyed around utility pinch as around the process pinch
the heat should not be transferred across the pinch by process to process heat transfer and

there should not be an inappropriate use of utilities.
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This means, that in case a the only utility is to be used above utility pinch is the steam
generation and cooling water below in case B, the only utility is to be used only utility is
to be used above pinch is the high pressure steam and only low pressure steam. So, that
completes the basic discussion on principles of heat integration. In the next lecture, we
shall see has how we can determine the minimum hot and cold utility requirement for a
particular process using problem table algorithm. Then we shall also see some practical

constraints on the amount of heat that is recovered.



