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Process Energy use 4

Heating requirement : , Cost of heat requirement : 


Cooling requirement : , Cost of cooling requirement : 


Refrigeration requirement : , Cost of cooling requirement : 

·Qheat =
nc

∑
c=1

·Qcold cheat[CHF/kJ ] ⋅ ·Qheat[kJ/s] ⋅ top[s/year]

·Qcooling =
nh

∑
h=1

·Qhot ccool[CHF/kJ ] ⋅ ·Qcool[kJ/s] ⋅ top[s/year]

·Qref =
nh

∑
h=1

·Qhot,Thot<Tamb
cref[CHF/kJ ] ⋅ ·Qref[kJ/s] ⋅ top[s/year]



---> To be heated up

Examples


-Distillation boilers

-Reactants Preheating

-Cooling water

-Steam production

-Cold stream of a refrigeration cycle

---> To be cooled down

Examples


– Distillation condenser

– Exothermic reactor

– Fumes

– Steam condenser

– Hot stream of a refrigeration cycle

Identify the heat transfer requirements 5
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• Streams leaving the system (in the condition of market)

– Minimum target temperatures (equilibrium with ambience !)

– Minimum pressure required (expansion ?)


• Waste streams (do not waste heat or cold in the environment)

– Heat recovery possible

– Waste heat conversion

– Recycle (material streams have also an energy value)

– Emission control


• Raw material preparation

– Alternative raw materials : Waste streams ?

– Preprocess locally to avoid expensive supply chains


• Industrial symbiosis opportunities

– Exchange with other systems

Do not forget the system limits 6



Heat recovery : Heat exchanger 7
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Heat recovery·Qcooling = ·Qhot
·Qheating = ·Qcold

·Qheating = ·Qcold − ·Qex·Qcooling = ·Qhot − ·Qex
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▪ DTmin value depends on

• Operating time

• Heat transfer coefficient

• Heat load

• Energy cost

• Type of heat exchanger

• Cost of the heat exchanger

• Investment strategy


▪ interest rate

▪ expected life time

∆Tmin value : optimization problem 8

min�TminTotalCost = OCex(�Tmin) + ICex(�Tmin)

OCex(�Tmin) = (ccold · (Q̇hot � Q̇ex(�Tmin)) + chot · (Q̇cold � Q̇ex(�Tmin))) · timeyear

ICex(�Tmin) = (
i(1 + i)nyex

(1 + i)nyex � 1
) · aex · ( Q̇ex(�Tmin)

Uex�Tlm(�Tmin)
)bex
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∆Tmin value : optimization problem 9
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Generalisation heat exchanges requirements 10
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