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ABSTRACT

A diesel hydrotreating (DHT) unit holds a considerable significance in a petroleum refinery,
owing to the ever increasing focus on processing heavier crudes on the one hand, and
stringent environmental regulations on the other hand. The present work is aimed at
developing a deeper understanding of the plant layouts of modern DHT units, and suggesting
suitable improvements to get the maximum benefit out of them.

Thermodynamic analysis of the main DHT reactions—Hydrodesulfurization (HDS),
Hydrodenitrogenation (HDN) and Hydrodearomatization (HDA)—have been carried out over
a wide range of temperatures and pressures to ascertain the most favourable operating
condition for a DHT reactor from a thermodynamic perspective.

Two popular configurations of a DHT unit—‘hot separator layout’ and ‘cold separator
layout’—have been studied in detail from different perspectives. Both the layouts have been
studied from a perspective of energy efficiency as well as economic feasibility. Design
prototypes of the layouts have been developed in a commercial simulator and energy
efficiency studies have been carried out by application of pinch and exergy analyses. Detailed
profitability analysis of both the layouts has been carried out by a net present value (NPV)
approach. The dependence of profitability on the price variation of product and utility prices
has been studied in detail using response surface methodology (RSM). These studies have
helped in ascertaining the optimum DHT layout at different feed, product, and utility prices
as well as at different operating conditions.

Furthermore, data reconciliation and multi-variable optimization (MVO) of an operating
DHT unit have been carried out using state-of-the-art process optimization software. The
scope of improvement of profitability of a running unit by proper adjustment of operating
parameters has been analyzed and highlighted. The optimization has helped in an annual

saving of ~ 2.7 million €/yr.
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Overall, a detailed study of an industrial DHT unit has been carried out and novel approaches
for improvement of its design approach and operating parameters have been developed. This
work will help researchers and industry technologists to develop methodologies for selection
of optimum process layout — not only for DHT units, but also for any industrial chemical

process in general.
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