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A new comprehensive process investigation methodology is presented to select adequate distillation scheme and its control structure. 
This new methodology highlights the main attributes of the energy-integrated distillation systems such as economic features, controllability, dynamic behavior and environmental impact. The investigation strategy is applied to three different types of energy-integrated distillation schemes for the separation of ternary mixtures: i.) heat-integrated distillation scheme with backward heat integration (DQB); ii.) fully thermally coupled distillation column (FTCDC); iii.) sloppy distillation system with forward heat integration (SQF). Energy-integrated arrangements are compared to the conventional direct separation sequence which is also analyzed with the same tools.
The goal of this study is to find the most adequate energy-integrated distillation system to separate different ideal hydrocarbon ternary mixtures. 
First step contains an economic study calculating the total annual cost of studied distillation schemes. Investigating economic features of the mentioned energy-integrated distillation systems three ternary mixtures are studied and three product purities are expected. The ternary mixtures have different separation indices (SI) which characterize the ease of the separation.
This study demonstrates that the heat-integrated structures have the best economic features. The most economic structure in case of mixtures with high SI is the DQB. In case of the mixture with SI lower than 1 the most economic is the SQF. Although the SQF is not the most economic structure in every case, but it is not as sensible to the increase of product purity as other structures. The FTCDC shows energy savings compared to the conventional sequence.
Second step of the investigation methodology is a controllability and dynamic behaviour study of distillation systems. The aim of the controllability study is to predict the most promising control structure of the investigated distillation schemes.
Controllability of the studied distillation schemes have been analyzed using the singular value decomposition (SVD) technique in the frequency domain. First, the controlled and manipulated variables have to be defined for each separation system and the possible pairings of these variables, in this work composition control is proposed to realize. Controlled and manipulated variables define for each distillation structure a 3 × 3 multivariable system. 
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Figure 1 Controllability parameters: CN, MRI, and RGA no of DQB scheme
Measures used to quantify the degree of directionality and the level of interactions is the condition number (CN), minimal singular value also named Morari resiliency index (MRI) and RGA-number (RGA no). These parameters are used to compare the controllability properties of the distillation schemes and to predict the most adequate control structure for each studied distillation system. Predicted control structures are tested by closed-loop dynamic simulations in time domain. 
Control structures of the energy-integrated distillation systems are characterized by integral absolute error (IAE), settling time and overshoots.
The most suitable control structure is found with this study. The selected control structure shows the best results without reference to different ternary mixtures.


In the last step of the investigation the environmental impact is estimated. Environmental emission can be assumed to be proportional with energy consumption of the design alternatives. The energy requirements of the distillation systems have been calculated and compared to each other. The emissions are estimated, results show that the energy requirement is the lowest in case of heat-integrated distillation scheme with backward heat integration (DQB).
The comprehensive process investigation methodology, demonstrated on energy-integrated distillation, helps to evaluate process alternatives from a complex point of view. Economic, controllability and environmental impact aspects can be simultaneously considered. In our example the heat-integrated distillation scheme shows the best performance in every issue.
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