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HIGHLIGHTS

« A model for the simultaneous planning of production and utility systems is presented.
« The performance degradation and recovery is modeled for the utility units.

« Alternative cleaning policies are modeled under limited cleaning resources.

« Fixed and variable operating, cleaning and power consumption costs are optimized.

« Industrial-inspired case studies show the benefits of the proposed approach.

« Reduction in utilities purchases and startup, cleaning and power consumption costs.
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A general optimization framework for the simultaneous operational planning of utility and production
systems is presented with the main purpose of reducing the energy needs and material resources utiliza-
tion of the overall system. The proposed mathematical model focuses mainly on the utility system and
considers for the utility units: (i) unit commitment constraints, (ii) performance degradation and recov-
ery, (iii) different types of cleaning tasks (online or offline, and fixed or flexible time-window), (iv) alter-
native options for cleaning tasks in terms of associated durations, cleaning resources requirements and
costs, and (v) constrained availability of resources for cleaning operations. The optimization function
includes the operating costs for utility and production systems, cleaning costs for utility systems, and
energy consumption costs. Several case studies are presented in order to highlight the applicability
and the significant benefits of the proposed approach. In particular, in comparison with the traditional
sequential planning approach for production and utility systems, the proposed integrated approach
can achieve considerable reductions in startup/shutdown and cleaning costs, and most importantly in
utilities purchases, as it is shown in one of the case studies.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

tions or separations. These processes require significant amounts of
several types of utilities, such as electricity, steam, industrial gases

In the highly dynamic and competitive global market with
stringent environmental and safety regulations, it has grown the
significance of systematic operational and maintenance planning
for energy intensive process plants in order to maximize profit,
improve plant reliability and enhance the efficient management
of assets, resources and energy. Major industrial facilities consist
of interconnected production and utility systems. The production
system produces the desired final products from raw materials that
can undergo different production processes, such as chemical reac-
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and water. In general, most industrial process industries have built
onsite utility systems that are directly connected via pipelines to
the main production system so as to satisfy its demands for utilities.

Combined heat and power systems, boilers, gas and steam tur-
bines, compressor stations and air separation systems are some
typical examples of onsite utility systems. Combined heat and
power systems, cogenerate electricity and heat usually from natu-
ral gas, are among the most important types of utility systems in
process industry, because they generate efficiently the main utili-
ties needed for the operation of major equipment of the production
system. In another example, for a cryogenic air separation system,
the atmospheric air is first compressed and then undergoes a
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