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1. Objectives 

A fundamental problem of process systems engineering is to synthesize the network 

of the processing system. Several properties and indicators have to be considered 

during the design of processing systems for selecting the best system among the vast 

set of possibilities. Most of these indicators can be defined by a mathematical 

formulation that can be directly integrated into the objective function of an 

optimization problem. The operating cost and the sustainability index are two 

examples of indicators that can have proper formulation. There are other indicators, 

however, such as reliability, which can only be determined by a systematic 

enumeration of possible cases. Thus, a general reliability formulation cannot directly 

be integrated into the objective function. 

The aim of the current work is to introduce the theoretical basis of a general method 

to determine the reliability of complex process network, and to integrate it into 

process network synthesis. The aim of the work consists of three objectives. The first 

objective is to define the general reliability formula to determine the reliability of any 

process network. This is achieved via a P-graph-based enumeration method. This also 

elaborates on the computational complexity of the method, and the possible 

acceleration techniques. The second objective is to analyze the possible redundancy 

options in a process network to improve its reliability. The third objective is to perform 

process network synthesis with integrated reliability consideration. Here, two 

synthesis algorithms are introduced; both are capable of generating the Pareto-front 

of possible process design options based on reliability and cost. 

2. Methods and approaches adopted 

The work is primarily based on the algorithms of the P-graph framework [1]. The 

formula for determining the reliability of a process involves the exhaustive 

enumeration of the states of the process, examining each state for operability. This 

operability test is based on algorithm MSG of the P-graph framework [2], and can be 

extended to consider complex mathematical models. The presented algorithm is 

capable of the deterministic and precise determination of the reliability of the process. 

Such algorithm was only found in the literature for systems with specific structures, 

while the method presented in this work is general, and can be applied to any process. 

The work presents multiple ideas to reduce the computation time of the algorithm for 

large processes, one of them is based on Binary Decision Diagrams [3]. Two methods 

are introduced for process network synthesis with the consideration of reliability, both 

utilizes algorithm SSG of the P-graph framework [4]. 
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3. New scientific results 

The novelty of the work is summarized in the following theses: 

1) A general formulation was proposed for determining the reliability of 

processing systems, assuming that the reliabilities of the operating 

units are independent and time invariant. [S1, S2, E1, E2, E7] 

a) The reliability formula is based on the enumeration of operational networks 

on the basis of the P-graph algorithms. 

b) If the enumeration algorithm generates the combinatorially feasible 

networks, then the formula gives the structural reliability. If the feasible 

networks are generated, the formula expresses the reliability of the 

processing system. 

c) Acceleration tools were proposed to reduce the computational complexity 

of the algorithm. 

d) The method was demonstrated through multiple case studies. 

2) It has been shown that in a synthesis procedure considering only local 

structural redundancy instead of global structural redundancy, the 

globally optimal solution may not be achieved. [S3, S4, E3, E4] 

3) Two algorithms have been developed to perform process network 

synthesis with a lower bound on reliability, these are described in a) 

and b). [S1, S3, S5, S6, E1, E3, E5, E6, E7] 

a) A method, based on the algorithms of the P-graph framework, that 

evaluates all generated combinatorially feasible networks with respect to 

economic efficiency and reliability. 

b) A method, that generates the networks of potential solutions by combining 

feasible subprocesses, then evaluates the economic efficiency and the 

reliability of the generated networks. 

c) The methods given in a) and b) are both able to determine the set of Pareto 

solutions. 
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4. Applications of the scientific results 

The presented method for determining the reliability of a process is general, it can be 

applied to processes with any structure, provided that the reliabilities of the operating 

units are independent and time invariant. The goal of the work is to integrate reliability 

consideration into process network synthesis; the thesis proposed two algorithms for 

this purpose. Based on either of these algorithms, it is possible to generate those 

networks that satisfy the reliability requirement, even when the objective of the 

optimization itself does not include the reliability. 
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