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1. When constructing a heat exchanger network, it is important to decide the minimum
temperature difference
a. What is the minimum temperature difference and can this occur on many places
in the network or just in one place?
(2p)
b. Changing the minimum temperature will impact the cost of the network. What
costs will dominate when the minimum temperature difference becomes very
low?
(1p)
c. What costs for the whole network will dominate when the minimum temperature
difference becomes very high?
(1p)
2. In a process plant two streams are identified for a heat exchange. The hot stream has an
inlet temperature of 110°C and a final temperature of 40°C, the mass flow is 2 kg/s and
the heat capacity is 4 kJ/(kg∙K). The corresponding values for the cold stream is: inlet
temperature of 30°C, final temperature of 65°C, mass flow of 10 kg/s and a heat capacity
of 3.1 kJ/(kg∙K).
a. How much energy can the heat exchanger transfer if this is maximized? (2p)
b. What is the limit for the heat exchange?
(1p)
c. How much need is there for cooling and external heating?
(1p)
3. Municipal solid waste is a difficult fuel due to several reasons and one of the problems is
the low electricity production due to the corrosive environment for the superheater
tubes. Explain how the introduction of a gasification unit could improve the situation
(increase the electricity production) from a technical perspective.
(3p)
4. The software Aspen Plus usually works according to a sequential modular approach.
a. What does it mean?
(1p)
b. What implication will this have when loops are included in the flowsheet? Show
how this problem can be solved.
(2p)
5. To produce kraft paper pulp several process steps are used.
a. The first is a reactor where reactions mainly should occur with the lignin structure
and keep the cellulose intact. If the reaction order and the activation energy
both are higher for the cellulose reaction with the hydroxyl‐ion [OH‐] compared
to the lignin reaction, how should the concentration of [OH‐] and the
temperature be in order to maximize the selectivity?
(3p)
b. After the reactor, the two components need to be separated. How does this
separation occur, what unit is used?
(1p)
c. After the first separation is a displacement washing. Explain what a displacement
washing means.
(2p)
6. A common reference for a thermal process is the Carnot cycle.
a. Explain how a Carnot cycle works (include all 4 steps)
b. Why is the Carnot cycle used as a reference?
c. Is the Carnot cycle always a good reference? Explain your answer.
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7. Turbines
a. What parts are included in a gas turbine?
(3p)
b. Is a gas turbine a closed or an open process?
(1p)
c. Name and explain at least 3 different possibilities to increase the efficiency of a
simple gas turbine.
(3p)
d. What are the two main types of turbines? Explain what the difference is between
them.
(2p)
8. Steam cycle
a. Explain why the efficiency increases of a steam cycle when a feed water heat is
introduced.
(3p)
b. What is the difference between a closed and an open feed water heater? (1p)
c. What are the benefits of using a closed feed water heater instead of an open feed
water heater? Are there any drawbacks?
(2p)
d. What limits the number of feed water heaters in a steam cycle?
(1p)

9. A fixed tube heat exchanger is designed for the following operating conditions:
Process fluid in tubes requires stainless steel MOC
Shell side utility (cooling water) requires carbon steel MOC
Heat transfer area = 60 m2
Operating pressure (both shell and tube) = 50 barg
a. Determine the bare module cost of the pump in year 2001.
b. Estimate the price of the pump in year 2015.
CEPCI = 397 for 2001
CEPCI = 580 for 2015
Equations you may need:
log 10 CP0 = K1 + K2log10(A) + K3[log10(A)]2
log 10 FP = C1 + C2log10(P) + C3[log10(P)]2
CBM = CP0 (B1+B2FMFP)
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