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This work presents the process design and economic analysis of the renewable production of phthalic anhydride from furfural. A number of researchers have focused on the production of fuels and chemicals from biomass feedstocks to provide an alternative to petroleum sources motivated by the need to address issues of depleting resources, rising prices and increasing environmental concerns. Furfural is among the most important biorefinery platform chemicals that is produced from lignocellulosic biomass particularly the hydrolysis and dehydration of xylan with an annual production of over 2 million metric tons [1]. Furfural can be converted into valuable compounds such as furan, maleic anhydride, furfuryl alcohol, 2-methylfuran, THF, etc. [2, 3]. The product phthalic anhydride is widely used in the manufacturing of plasticizers, unsaturated polyesters, and alkyd resins, which has the annual production volume of around 3 million metric ton based on the estimation of 2000 [4, 5]. 
The renewable production of phthalic anhydride comprises three stages of reactions, shown in Figure 1. At first stage, furfural is converted to furan via a vapor-phase decarbonylation reactions [6, 7]. Two different alternatives are discussed; one is with high concentration of H2, (ratio to furfural of 20:1 to extend the life cycle of the catalysts) [7], and another is with relatively low ratio of hydrogen to furfural requiring the catalyst regeneration due to the easy deactivation of the catalyst [6]. At the second stage, maleic anhydride is produced by the vapor-phase oxidation of furfural in the occurrence of VOx/Al2O3 catalyst; furfural is mechanistically step-wisely oxidized into furan, 2-furanone and maleic anhydride though very small amount of furan and 2-furanone is detected at some reaction conditions [8]. At the last step, furan and maleic anhydride are used to produce phathalic anhydride by a Diels–Alder cycloaddition to produce oxanorbornene intermediate first followed by a dehydration to phathalic anhydride [9].
The production and the separation process of renewable phthalic anhydride are designed and simulated using ASPEN Plus [10]. Different alternatives are investigated to optimize profit. ASPEN Economic Analyzer [11] was utilized to identify the capital and operating cost of phthalic anhydride production and then to determine the minimum selling cost of bio-based phthalic anhydride. Furthermore, sensitivity analysis is performed to assess the impacts of different factors on the total cost. More specifically changes in the conversion and selectivity are investigated to identify the most important parameters in order to improve the economics of the conversion process.
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