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Abstract—Chemical processes are energy intensive indus-
tries; the majority of energy consumed in industrial pro-
cesses is mainly used for heating and cooling requirements.
This results in increasing the interest in obtaining the opti-
mum design of the heat exchanger networks to reduce the
energy consumption and face the growing energy crises.

Most of the published literature over the last fifty years
promotes the process integration technology as a main part
of the process system engineering science. Graphical Pinch
Analysis method normally includes two key steps, firstly
obtaining the energy targets which include the minimum
energy required for the HEN design, then designing the heat
exchanger network (HEN).

This paper introduces a new graphical approach for the
design of new heat exchanger networks (HENs) based on
pinch analysis rules. The HEN is represented on a simple
graph, where the cold stream temperatures are plotted on
the X-axis while the driving forces for each exchanger are
plotted on the Y-axis. This graphical technique can describe
the energy analysis problems in term of temperature driving
force inside the heat exchanger, which is an important fac-
tor in the design process as the differences in these driving
forces are involved in calculating the area of heat exchang-
ers, and consequently affecting the cost.

Index Terms—Heat exchanger network; Energy saving;
Grassroots design; Pinch analysis; Heat integration

L INTRODUCTION

The Renewable Academy of Germany [1], performed a
statistical analysis to that highlighted that total heat energy
consumption in the German industry is more than three
times higher that of electrical energy consumption. Heat
integration using pinch analysis was developed by Lin-
nhoff and Hindmarsh [2], they proposed three essential
strategies to decrease the energy requirements; firstly
avoid the transfer of heat across the pinch, secondly avoid
the presence of coolers above the pinch, and finally avoid
the presence of heaters below the pinch. They emphasized
that any error in following the mentioned guidelines in-
creases the actual consumption of energy. The determina-
tion of the minimum energy targets were either done
graphically by the composite curves e.g. by Smith [3], or
numerically by problem table algorithm [4].

Smith [3] and Klemes [5] provided the complete steps
for the design of the composite curves, and obtaining the
maximum achieved energy for a given minimum tempera-
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Figure 1. New graphical representation

ture difference (ATmin) for certain process, based on
pinch analysis rules.

Graphical pinch analysis method normally includes two
key steps, firstly obtaining the energy targets which in-
clude the minimum energy required for the HEN design,
then designing the heat exchanger network (HEN). The
design of heat exchanger network typically depends on
pinch temperatures and minimum utility requirements [6].

II. NEW TEMPERATURE — DRIVING FORCE (TDF)
GRAPHICAL APPROACH

The new graphical approach uses the basic principles of
pinch analysis. Fig. 1 depicts an X-Y diagram for such a
plot. In the new analysis, exchangers are represented as
straight lines. The starting point is the hot end driving
force, and the end point is the cold end driving force. The
coordinates that identify each point on the graph are:

* The X-coordinate is the cold stream temperature at
one end.

* The Y-coordinate is the driving force across that end.

The hot end driving force (AThe) is calculated by sub-
tracting the target cold temperature (Tct) from the supply
hot temperature (Ths), while the cold end driving force
(ATce) is calculated by subtracting the supply cold tem-
perature (Tcs) from the target hot temperature (Tht).
Characterizations of the new graphs are summarized be-
low:
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1. The cold stream lines are represented as vertical
lines starting at Tc on the X-axis, while the hot stream
lines are represented as inclined straight lines starting
from AT=Th on the Y-axis (Tc=zero) and ending at
Tc=Th on the X-axis (AT=zero) as shown Fig.1., Fig.2
shows that locus of each point on the graph.

2. All hot streams are parallel to the hot pinch line,
and, similarly, all cold streams are parallel to the cold
pinch line.

3. Assuming constant heat capacities for process
streams, each exchanger can be represented by a straight
line drawn between (Tcs, ATce) and (Tct, AThe), as
shown in Fig.3.

The slope of the exchanger is determined as the ratio
between the difference in the driving force and the differ-
ence in the cold temperature for a certain stream as shown
in Eq.1 which is involved in the heat transfer process.

AThe-ATce
S=—m— (D

ATc
By simplification of Eq.1, the slope is related to the ra-
tio of heat capacity flow (CP) as seen from Eq.2.

CPc

:ﬁ—l (2)

Applying the same procedure on the length of the heat
exchanger, proposed that the length is directly proportion-
al to the duty of the exchanger. The advantage of the new
graph is that it divided the energy analysis into 5 regions
according to the pinch analysis principals as shown in
Fig.4: Region 1 and 3 are optimum regions for heat ex-
changers, while Region 2 and 5 are non-optimum regions
for heat exchangers (i.e. crossing the pinch). On the other
hand, Region 4 is below the AT = Zero line so the pres-
ence of any heat exchanger in this region is infeasible.

III. PROCEDURE FOR GRAPHICAL DESIGN

1. Plot all process streams on the graph by using the
given supply and target temperatures. Also, plot the hot
pinch temperature line, the cold pinch temperature line
and the ATmin line. Fig.5 represents graphically the pro-
cess streams presented in Table 1 for two hot streams and
two cold streams (C1, C2, H1, H2). The highlighted re-
gions in the figure are the optimum regions for heat inte-
gration above and below the pinch.

2. Divide the design of the network above and be-
low the pinch.

3. The starting point for design above the pinch is
the intersection between the hot target temperature line
(Tht) and the cold supply temperature line (Tcs). If Tht is
less than the hot pinch temperature (Thp), start at Thp
instead of Tht. If the cold supply temperature (Tcs) is less
than the cold pinch temperature (Tcp), start at Tcp.

4. Recover all the heat above the pinch by selecting
the best matches. This should be where the hot streams
will be cooled from their supply temperatures to the hot
pinch temperature (Thp), if their target temperatures are
below the pinch. If their target temperatures are above the
pinch, they will be cooled to only their target tempera-
tures.

5. The starting point for design below the pinch is
the intersection between the hot supply temperature line
(Ths) and the cold target temperature line (Tct). If Ths is
above the hot pinch temperature line (Thp), start at Thp
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instead of Ths. If the cold target temperature (Tct) is
above the cold pinch temperature line (Tcp), start at Tcp.

6. All cold streams will be heated from the cold
pinch temperatures or their supply temperatures if they lie
above the pinch. In this case, place a heater (hot utility)
for the remaining cold streams to fulfill the heating re-
quired.

7. Merge the above parts to obtain a complete heat
exchanger network

The above procedure is applied on the data presented in
Table 1, the design of the HEN is represented in Fig.6,
while the summery of the HEN is presented in Table II.
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TABLE L.
STREAM DATA
Stream Ts (°C) Tt (°C) Duty CP(MW/ °C)

H1 250 40 31.5 0.15
H2 200 80 30 0.25
Cl 20 180 -32 0.2
C2 140 230 -27 0.3

TABLE II.

SUMMARY FOR THE HEN
Heat exchang- Tecs (°C) Tect (°C) Ths (°C) Tht (°C) Duty
er MW)
Cl/H1 140 180 203.33 150 8
C2/H2 140 181.67 200 150 12.5
C2/H1 181.67 205 250 203.33 7
Heater for C2 205 230 240 239 7.5
Cl/H2 52.5 140 150 80 17.5
CI’/H1 20 52.5 150 106.67 6.5
Cooler for H1 20 30 106.67 40 10
% I .
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IV. CONCLUSION

The new technique follows completely the pinch analy-
sis rule, but its advantages is that is it simple as each ex-
changer can be represented by a straight line, visual and
indicative as both the length of the line and its slope has
important physical meanings, also the feasible regions for
heat integration are easily identified visually more over
easy and simple identification of possible optimum
matches. With a systematic procedure, this graphs are
employed to generate new designs of exchanger networks
and also to modify existing ones for better performances.
In addition to its simplicity and visual-interface, the new
design methodology is characterized by several benefits,
including:

* No need for complex or commercial simulation or

software packages.

* Instantaneous determination of the value of the driv-
ing force for each exchanger to avoid the presence of
network pinch.

* Good selection of accepted and excluded matches re-
garding the driving force.

* Visualization in design especially for low tempera-
ture applications.
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