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As a leading process design consultant, you are assigned to undertake heat

integration of a chemical plant to operate with high energy efficiency. The

conceptual process design team has provided the extracted process flowsheet,

as shown in FIGURE Q1.
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FIGURE Q1
a. Perform Problem Table Algorithm and design a heat exchanger network
that satisfies maximum energy recovery if ATmia is 10°C.
b.

Based on the information given in TABLE Q1, determine the minimum

total cost of utilities if the plant operates for 330 days per year.

TABLE Q1
Utilities | Temperature (°C) Cost (RM/kWh)
[ Flue gas 400 0.060
Hot oi 300 0.170
High pressure steam (HP) 250 0.045
Medium pressure steam (MP) 180 0.035
Low pressure steam (LP) 105 0.025
Cooling water 20 0.230
[20 marks]
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FIGURE Q2 shows the Grand Composite Curve for a process with

ATmin = 20°C.
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FIGURE Q2

The process also has a requirement for 300 kW of power. Two alternative utility

schemes are to be compared economically.

Option 1: A steam turbine with its exhaust saturated at 170°C is to be used for
process heating. Steam is generated in the central boiler house at
30 bar with an enthalpy and entropy of 2856.5 kJ/kg and 6.2893
kJ/kg-K, respectively. The generated steam can be expanded in a
steam turbine with isentropic efficiency of 85%. The steam data for
the turbine exhaust is given in TABLE Q2a.

TABLE Q2a
Enthalpy (kJ/kg) Entropy (kJ/kg-K)
Temperature | Pressure
. Saturated | Saturated | Saturated | Saturated
(C) (bar) L o
liquid vapor liguid vapor
170 8 719.08 2767.9 2.0417 6.6650
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Option 2: A heat pump is to be integrated with the process to satisfy process
heating while reducing process cooling. The heat is absorbed at
Tc=70°C and rejected at Ty = 160°C.

The cost of utilities is given in TABLE Q2b. Evaluate the two options and
recommend the most cost-effective utility scheme for the process.

TABLE Q2b
| Utility Cost ($/kW-hr)
Fuel for steam turbine 0.011
imported power 0.065
Cooling water 0.004

[30 marks]
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You are assigned to retrofit the existing heat exchanger network (HEN) shown
in FIGURE Q3. TABLE Q3 tabulates the additional information that you may

use.
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TABLE Q3
Hot pinch temperature, °C 160
Cold pinch temperature, °C 150
Minimum hot utility, kW 6300
Minimum cold utility, kW 11800

Propose a retrofit HEN design that can achieve the minimum hot and cold

utilities for the process. A maximum of only TWO (2) new heat transfer units

can be added to your retrofit design. Other modifications such as repiping,

additional areas and demolition are allowed.

[20 marks]
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