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Case study : Brewery process
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* Dumbliauskaite, M., Becker, H., Maréchal, F., 2010. Utility optimization in a brewery process based
on energy integration methodology. Proceedings of ECOS 2010, 91-98.
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Challenges for heat pump integration

e Simultaneously integration with other utilities (e.g. cooling water, steam boiler,
cogeneration units, ...)

e Find optimal integrated heat pump(s) system for a given process
e Select appropriate fluids
e Cycle configuration and operating conditions
e Temperature / pressure levels (discontinuous optimization problem)
e Size of installations and economic evaluation

e Realistic solutions: Heat pump data base (collection of realistic heat pumps to be
integrated)

e Systematic methodology: Easy to add new heat pumps
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Heat pump data base

e Definition of heat pump technologies

e Compressor types (8) --> Operating condition ranges (volumetric flow rate,
pressure ratio)

e Refrigerants (2) --> Operating condition ranges (temperature levels)

e Each technology is implemented n times --> possibility of multi-stage heat
pumps and several times the same type of heat pump

e Heat pump data base is developed in a way that new heat pump models can
be added easily

e User can define the list of available heat pumps & change the limits of
operating conditions
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Optimization Algorithm Ve=1:n. Vf=1:nyg

I : investment rate [0%,20%)]

o kKi,c & ko,c : temperature levels [0,0.99]
1. Definition of Ve 1 - L
c=1:n. Vf=1:ny

decision variables
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T vapour curve (f)
f Maximum condensation — _

3. S'B.VG prOblem Tcond,max()

cond,c
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Optimization Algorithm Ve=1:n. Vf=1:nyg
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Optimization Algorithm Ve=1:n. Vf=1:nyg
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Optimization Algorithm

-
Minimize operating costs (fu)

1. Definition of decision al na nu
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4. Evaluation objective
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(Generating new values for the set of
decision variables for the next iteration step)
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Results for the case study (brewery process)
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Example of Integrated composite curves
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Heat pump integration

e Advantages

e Systematic and flexible integration of heat pumps (technologies, fluids,
multi-stage)

e Optimal solutions which can be analyzed in a second step for approbation
e Drawbacks

e Time - consuming

e Experts can find easily good results by analyzing grand composite curves

e |nitialization procedure ?
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Conclusion

e Optimal heat pump integration (single & multi stage)

e Systematic heat pump data base approach

e Easy to add new heat pump model (fluids, mixtures, ...)

e All points on the pareto front represent optimal feasible solutions

e Final solution can be chosen by applying economical analysis
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Thank you for your attention |
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