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Styrene is an important monomer building block in the synthesis of polymers, including its monopolymer polystyrene and many different co-polymers such as ABS and synthetic rubber. This makes styrene an important product, due to the growth in use of synthetic materials for producing an even bigger range of consumer goods. [1]
[bookmark: _GoBack]Styrene can be produced by various methods, but the dehydrogenation of ethylbenzene is the most common pathway. It is normally coupled with an alkylation process producing ethylbenzene from ethylene and benzene. [2] Combination of these two processes at the same location gives the possibility of heat integration between the exothermic alkylation and the endothermic dehydrogenation processes. Therefore in this work, conducted as part of a MSc course in Process Design at DTU, a styrene chemical plant consisting of both alkylation of benzene with ethylene and dehydrogenation of ethyl benzene to styrene is designed. The design procedure follows the hierarchical decomposition for process design, which is used on the two processes separately. Subsequently the alkylation and dehydrogenation process parts are integrated into a plant design aimed at a total production capacity of 200,000 metric tons of styrene per year. Of special interest in the design is the separation, which makes mass integration possible. This aims to minimize the use of raw materials and water. As a result of this 99 % of the water injected into the dehydrogenation reactor is reused saving 3.34 metric tons of water per ton styrene produced. 
An economic evaluation is performed to identify the process bottlenecks, which shows that the cost of raw materials is the largest operational expense. Factors such as plant placement and association with companies working in the petrochemical industry are therefore of much influence on the feasibility of the project.
The base case design shows great potential for heat integration and design optimization for distillation columns, with the biggest operational cost beside raw materials being utility cost for heating. Preliminary heat integration and optimization of distillation columns design shows a reduction in operational cost and the negative environmental impact is lowered, increasing the sustainability of the design.
In order to further improve the design, a software based sustainability and LCA analysis is performed identifying process hotspots and providing insight into further optimization. As the result, more sustainable alternatives to the base case design have been generated and analyzed.
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