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ABSTRACT
The optimization-based design of reactive distillation systems remains challenging due to its nonlinear nature, the inherent coupling of reaction and separation, and the mix of discrete and continuous variables. Traditional approaches often formulate this as a mixed-integer nonlinear optimization model (MINLOM) and solve it using mixed-integer nonlinear programming (MINLP) or metaheuristic optimization methods, such as GA, PSO, SA, etc.. However, mathematical programming methods, such as branch-and-bound or relaxation methods, are computationally expensive and prone to converging at local minima, while metaheuristic ones require parameter tuning and do not guarantee optimality.

To address this, we propose a framework for the globally optimal design of reactive distillation systems maximizing profit. We reformulate the model into a bilevel optimization: a discrete optimization as the leader problem and a follower continuous oneas a bilevel optimization: a discrete optimization as the leader problem and a continuous one as the follower problem. The discrete subproblem defines the structural variables, such as the number of stages, the positions of reactive trays, and the feed location. For eacha discrete configuration, the resulting second levelsecond-level nonlinear programming subproblem (NLP) is solved to global optimality,(NLP) subproblem is solved to global optimality using the BARON solverr (Zhang & Sahinidis, 2025).

For the discrete leader (outer) loop, we use DIRECT (Dividing Rectangles), a deterministic global optimization algorithm that balances exploration and exploitation by successively dividing the search space (Jones et al., 1993). Since DIRECT is a global solver, pairing it with BARON is expected to find the global optimum. 

We compare this framework against the Discrete Steepest Descent Algorithm (D-SDA)) (Liñán et al., 2020; Murota, 2003) for a case study of eter-tert-butil (ETBE) synthesis from ethanol and isobutene in a reactive distillation column with three reactive trays. The column is fed at two distinct locations with a pure ethanol stream and a mixture of isobutene and n-butene as (inert).

The DIRECT-BARON method required only 45 140 objective function calls to find the best solution, representing just 0.611.9% of the discrete variable search space. Although tThe D-SDA is a local optimization method, it also found the same solution, but only because this problem has a convex discrete space. but it depends on the initial set of discrete variables; To test the D-SDA, itit was run 20 times with different random start sets. On average, D-SDA used around 277 objective function evaluations, with a standard deviation of 208.7. Our results demonstrate that the proposed methodology  is faster than D-SDA and more consistent. Additionally, the hybrid DIRECT-BARON framework ensures robust global exploration. The global optimality of our solution was confirmed through a full enumeration of the discrete space. It is important to emphasize, however, that further study is needed to confirm whether our adaptation for the DIRECT is truly global for discrete optimization.  Ultimately, this decoupled reformulation approach offers an effective and adaptable strategy that can be extended to other complex optimization-based designs.	Comment by Miguel Bagajewicz: ???????	Comment by Lucas F Santos de Jesus: É que o D-SDA foi executado 20 vezes com inicialização das variáveis discretas de maneira randomica. Coloquei o desvio padrão para mostrar a variação em chamadas da função objetivo	Comment by Miguel Bagajewicz: ????	Comment by Lucas F Santos de Jesus: Estava tentando mostrar que o D-DAS pode variar muito dependendo do conjunto inicial de variáveis discretas e o direct não.
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