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Abstract
Styrene monomer is a highly important and demanded commodity chemical utilized for the production of a
large range of polymers and co-polymers including polystyrene, rubber, resin and latex. In this work, a
systematic method is utilized to design an economically feasible, sustainable and environmentally
acceptable process for the production of styrene from benzene and ethylene. The conceptual process
design was performed in the MSc-level course “Process Design: Principles and Methods” at the
Department of Chemical and Biochemical Engineering.
In the base case design, styrene is produced by a two-step process, which is extensively used in the
industry. The first involves high-pressure alkylation of ethylene and benzene into the intermediate product
ethylbenzene. The latter subsequently undergoes dehydrogenation into styrene. The by-product pdiethylbenzene is converted into ethylbenzene by addition of recycled benzene in a transalkylation reactor.
Ethylbenzene is recovered along with styrene and the compounds are purified in two sequences of
distillation columns.
The systematic method is based on twelve sequential tasks. The first three cover a detailed description of
the raw materials, product and process as well as flow sheet synthesis executed by hierarchical
decomposition [1]. In task 4, linear mass balance calculations are performed for the synthesized flow sheet.
In tasks 5-7, process conditions are specified and mass & energy balance is performed using more
rigorous models in order to obtain the base case design. Subsequently, in tasks 8-9, sizing and costing are
estimated. In the final three tasks, the process is improved through heat integration, sustainability and
environmental impact analysis and process optimization.
A commercial simulator is used for verification and process simulation, together with other computational
tools: ICAS for property prediction, ECON for cost estimation of the process [2], SustainPro for
sustainability analysis and bottleneck identification [3], LCSoft for lifecycle assessment [4].
The following results were obtained from the base case design. The production rate is 500,000 metric tons
per year with a yield of 0.6 kg product per kg raw material. The annual revenue amounts to USD 80 million
with break-even after 4.5 years. The bottlenecks are the operating cost of a compressor (69%) and the
large steam utility of the heat exchangers (17%). These have been overcome by heat integration and
process optimization. The total energy consumption amounts to 46.3 kJ per kg product. After heat
integration, the external utilities are reduced by 88%.
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