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Aim of the study

This research aims to evaluate the life cycle impact of different plastic waste treatment configurations. We considered two possible scenarios: recycling and municipal incineration. About recycling, we examined real scenarios, while for incineration we created a “virtual” model founded on existing municipal incinerators, adjusted for plastics, since plastics are not disposed in this way.

The materials investigated in this research are polypropylene (we studied its recycling, production of virgin polymer, production of recycled polymer and incineration) and expanded polystyrene (we studied its recycling and production of recycled material).

Production of virgin polymer was mainly studied in order to evaluate the positive effects of recycle: the avoided product, which is the virgin product whose production can be avoided since recycled material is available.

These results, together with the analysis of some data owned by ENEA by means of previous studies, enabled us to analyze the environmental impact of the plastic waste disposal system in an Italian district.

This study indicates a way to evaluate possible improvements in single waste treatment processes and in disposal systems of districts and cities as well.

Environmental impact analysis is followed by an economic analysis, that must consider external costs, that are the conversion to money value of environmental damages: they are costs that society must pay (or should pay) to restore damages to human health and environment. So complete costs were obtained by the sum of economic costs and external costs.

Scope of the study

The first part of the research is bibliographic: there is a detailed description of the three methods that we used for the analysis, a presentation of European and Italian law on waste, and then production and disposal processes of examined plastic materials are described.

In the second part, we analyzed production and disposal processes of plastic materials.

About polypropylene, we examined two different way for recycling (with or without regranulating), after collecting some data from plants located in Emilia-Romagna, Italy. Furthermore we studied the production of virgin polymer in one of the three polypropylene Italian production plants.

About incineration, we studied a modern incineration plant located in Brescia, Italy, and we adjusted the process (originally for municipal solid waste) to imagine incineration of polypropylene: we based on the different chemical compositions of municipal solid waste and polypropilene. We also reported a complete analysis of this plant, and a compared analysis between energy from fossil fuels, from municipal solid waste and from polypropylene.

About expanded polystyrene, we studied the recycling process in some plants located in Lombardia, Italy.

Then we analyzed the environmental impact of production of both recycled material, and we compared them with virgin material production.

In the third part, we considered the plastic waste management system in an Italian district, and we evaluated the life-cycle impact due to plastic waste disposal during a whole year. Plastic materials collected in this district are: polypropylene, film polyethylene and expanded polystyrene (collected in a differentiated way) and generic plastic waste (PET and PE for the most part) collected in waste containers. For this study we used results from part two and some data owned by ENEA, by means of recent studies.

This work also contains an economic analysis, as explained before.

The research was entirely realized at ENEA, Bologna, Italy.

Methods

This is a Life-Cycle Assessment study (LCA). We used the Dutch software SimaPro 5.0, and four methods: Eco-Indicator 99 (Dutch), EPS 2000 (Swedish), EDIP 96 and EDIP 96 (resources) (Danish).

Inside the work you can find a detailed explanation of these methods.

Results

This study establishes, both for single waste treatment processes and for district waste management systems, the environmental impact onto the damage categories (human health, ecosystem quality, resources) and also, in a more specific way, onto the single impact categories, that are one or more for each damage category (for example, in human health there are: carcinogens, respiratory inorganics, climate change, ozone depletion…). The use of more than one method allows to have different points of view: each method has its own framework, giving information that others one are not able to give.

The LCA analysis, pointing out the most harmful areas in processes, is a valuable tool to understand where to spend resources to improve processes and make them more consistent with the environment.

From the study results that both the way of disposal produce avoided damages, and they are almost the same order of magnitude. In particular, recycling is most convenient than incineration, but only if recycling process is simple: regranulation operation, for example, makes recycling less convenient, but a simple milling process, without regranulation, is possible only if waste is quite clean.

For incineration, the avoided damage, due to electricity and heat production, is two orders of magnitude bigger than damages caused by the incineration process. For recycling, the avoided damage, due to production of recycled polymer, is one order of magnitude bigger than damages caused by the recycling process.

About avoided products, the study shows that producing electricity from wastes makes possible to save a lot of resources, and for human health there is a little advantage. Also recycled polymers are more advantageous than virgin ones, in all categories. And there is another important advantage: using waste to produce energy or recycled materials also solve the problem of “where to put that waste”.

All these results are widely explained by an analysis per substance and per process, to identify the most noxious processes and substances, in order to find possible areas for improvements.
