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Scope: Value-added conversion of waste streams form food industry towards microbial biopolyesters [poly(hydroxyalkanoates), (PHAs)], used as biodegradable “green plastics”, is presented by two case studies: The utilization of lipid-rich waste fraction from slaughtering and rendering industry and of carbohydrate-rich waste from dairy industry. Process viability is demonstrated based on experimental results and economic appraisals, and by introducing strategies for the recycling of waste streams of the PHA production process itself.
Background: Our increasing demand for safe and convenient packaging materials and other plastics motivated mankind to produce more than 300 Mt annually of highly recalcitrant plastics, which are predominately based on limited fossil resources. Resulting piles of plastic waste, greenhouse gas emissions, global warming, together with the ongoing depletion of the fossil resources, provoked a tremendously dynamic “green plastic” market. Critically analysing various available “green plastics” often reveals severe shortcomings regarding the attributes “biobased”, “biodegradable”, “compostable”, and “biocompatible” that “green plastics” have to fulfil according to valid regulations [1]. In this context, the life cycle of PHAs, accumulated as microbial intracellular carbon- and energy reserves, justifies classifying them as “green plastics”. They are based on renewable resources and undergo complete biodegradation during composting. Molecular composition and material performance of PHA are pre-defined in statu nascendi during biosynthesis. Chemically, PHAs encompass thermoplastic short chain length PHA (scl-PHA) and elastomeric medium chain length PHA (mcl-PHA). Possible fields of implementation encompass compostable packaging, medical and pharmaceutical formulations and items, biodegradable latexes, or nano-particles. Low-quality PHAs can be converted to chiral compounds, novel biofuels or other green energy carriers [2]. PHAs must compete with their petro-chemical opponents both in terms of material performance AND economically. Up to now, PHA production resorts to expensive feedstocks of nutritional value, thus contributing to the current “plate-vs.-plastic” controversy. Switching to carbon-rich waste-streams of diverse industrial processes upgrades industrial waste streams, preserves food resources, and enhances the economics of PHA production [2].
Our case studies: Availability of suitable carbon-rich feedstocks defines the location of an envisaged PHA production facility. Processes developed in our recently performed R&D projects (acronyms ANIMPOL and WHEYPOL), financed by the EC, resort to abundantly available waste streams of the European food industry:

· ANIMPOL project: Surplus lipids from slaughterhouses (annual quantities in Europe: 500,000 t) can be transesterificated to crude glycerol (CG) and fatty acid esters (FAEs, biodiesel). Saturated FAEs (SFAE) counteract the application of biodiesel as engine fuel, but can be converted to PHA. Integrating PHA production into existing biodiesel facilities, SFAE-based PHA can be produced at less than 2 €/kg. Both SFAE and CG constitute precious carbon sources for production of either thermoplastic scl-PHA or highly elastic, amorphous mcl-PHA. [3-5] 

· WHEYPOL project: In Europe, more than 14 Mt of surplus whey accrue at dairies every year, which causes growing environmental concern. Especially in Northern Italian regions, numerous huge dairy companies are located, which dispose of around 1 million litres of whey daily, often by simply pouring it into the sea. We profited from the fact that lactose, whey´s main carbohydrate, acts as substrate in various bioprocesses like PHA production, and used it to produce thermoplastic scl-PHA. Here, cost estimations suggest an already competitive production price below 3 €/kg [6].

· In addition to the choice of the appropriate raw materials, it is pivotal to close the material cycles of the PHA production process itself and of the subsequent PHA-recovery process, especially when using extremely halophilic microbial production strains, which require environmentally hazardous cultivation media [7]. Recycling experiments revealed that highly saline spent fermentation broth and cell debris can successfully be returned to subsequent fermentation batches as microbial salt- and nutrient source; this approach lowers the overall PHA production costs, and reduces environmental risks, as was demonstrated by LCA studies. Such LCA studies clearly demonstrated the environmental superiority of our novel processes compared to the life cycle of petrol-based plastics [8-10].
Take away message: These case studies proof the feasibility of economic AND environmentally efficient PHA production. If successfully implemented on industrial scale, our approaches will pave the way towards sustainable platforms for biopolyester production in Europe. If successful, these seminal materials will not have to be allocated from existing manufacturing plants in diverse global regions, where biopolyester synthesis competes with nutrition, and frequently lacks consideration of environmental requirements and acceptable human working conditions [2]. 
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