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DOMEZEE / Theme of Research

Realizing energy-efficiency and high quality of products in petroleum refinery has been the subject of interest worldwide. The invited
researcher has been working as a Principal Investigator in collaboration with the proposed host, Prof. Kano, on a plant-wide Al-assisted
energy and quality monitoring system for a local (Pakistani) leading petroleum refinery under a project from the Higher Education
Commission (HEC) of Pakistan. The projects particularity focused on quantifying the effect of uncertainties on energy efficiency and
products' quality of the plant. The current work on "Artificial Intelligence Application for Improving Energy Efficiency and Product Quality in
Petroleum Refinery under Uncertain Process Conditions" is part of the ongoing joint project.

@WEME / Outline of Research

In one of the previously studies conducted in collaboration between the invited researcher and the host researcher, a novel framework was
developed by incorporating uncertainty quantification in the conventional soft-sensor design for prediction of research octane number
(RON) of gasoline of naphtha reforming process of the refinery. The current work aimed on developing a data-based self-optimizing
control (SOC) strategy for the naphtha reforming process. A data-based model of the process was adopted as a surrogate in the SOC
framework. The SOC is one of the core dimensions of the Petroleum Refinery 4.0, where the artificial intelligence (Al) assists the plant
operators in realizing highly efficient monitoring and control of the process.

OWMERE / Results of Research

An Artificial Neural Networks (ANN) model was developed for predicting Research Octane Number (RON) of integrated naphtha reforming
and isomerization processes of a petroleum refinery. The ANN model, having a correlation coefficient of 0.99, was used as a surrogate in
a self-optimizing control (SOC) framework under uncertainty in feed composition and process conditions. Genetic algorithm and particle
swarm method were applied to find the best approach for optimization of the process. The GA based optimization was found the best in
the current study resulting in an increase of 4% in RON value. The performance of the proposed SOC framework is suitable for real-time
plant application and will provide a base for Petroleum Refinery 4.0.

@45#%DEtE / Further Research Plan

On return to Pakistan, | will apply an integrated framework of soft-sensors, reliability analysis, and SOC to other reactive sections, i.e.,
hydrotreater, hydrocracker, and alkylation unit, of the refinery as a part of my ongoing project with the HEC. Another dimension for future
research decided during the current visit is development of a plant-wide advanced exergy analysis of Heat Exchangers Network (HEN)
under uncertainty. The SOC will also be developed for the HEN. Besides, joint supervision of MS and PhD student, seminars and
conferences with host researcher and other peers from various Japanese universities are also planned for future.
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OMEEE / Theme of Research
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OmiEiEEME / Results of Research
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@BRPEXREEDFBRR / Activities of International Student Exchange Program
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®41#D5E / Further Research Plan
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