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ABSTRACT

Organic Rankine Cycles (ORC) generate electrical power from low-temperature heat. To
exploit the full potential of ORCs, an integrated design of ORC process and working fluid is
required. Today, methods for an integrated design are commonly limited to the design of pure
working fluids [1]. However, mixtures can improve the ORC efficiency significantly due to
favourable thermodynamic properties [2].

In this work, we present a method for the integrated design of ORC process and working fluid
mixtures based on the 1-stage Continuous-Molecular Targeting — Computer-Aided Molecular
Design (1-stage CoMT-CAMD) method [3]. In 1-stage CoMT-CAMD, the thermodynamic
properties are modelled using the physically-based PC-SAFT equation of state. A computer-
aided molecular design (CAMD) formulation enables us to consider the molecular structure as
degree of freedom during process optimization. Detailed models for equipment sizing allow
the optimization of an economic objective. The resulting mixed-integer nonlinear program
(MINLP) optimization problem identifies the optimal working fluid jointly with the optimal
process conditions and equipment. However, so far, 1-stage COMT-CAMD was limited to the
design of pure working fluids. In this work, we extend the CAMD formulation, the process
model as well as the models for equipment sizing to consider a working fluid mixture as
degree of freedom of the MINLP. Thereby, the optimal working fluid mixture is identified in
a single optimization problem jointly with the corresponding optimal process and equipment.

The resulting approach is applied for the design of an ORC for waste heat recovery. The
integrated design of ORC process and working fluid mixture is performed considering
thermodynamic as well as thermo-economic objective functions. The presented method
allows us to systematically exploit the potential of working fluid mixtures for ORCs.
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