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Background

Today about 70 million tonnes of waste are produced annually in Sweden. Disposal of waste is resource consuming and in addition, the space at existing landfills is limited and it is hard to find new suitable areas for the disposal of this material. To stimulate the reuse of wastes, society has therefore issued a variety of directives (fees on deposited waste, ban of the disposal of certain types of waste, etc.). This means that there are strong incentives to find ways to utilize the wastes. Waste from households, so called municipal solid waste (MSW), can for example be combusted for heat extraction. Previous research has shown that in Sweden it is generally environmentally advantageous to combust this kind of waste instead of disposing of it at landfills (Björklund 2000; Sundqvist, Finnveden et al. 2002). However, incineration of waste results in the formation of other waste products, such as different ashes. How this material should be managed in a sustainable way is now an important question. 

Some ashes could be used as construction materials such as for road construction. This would enable both decreased disposal of bottom ash and reduced amounts of natural aggregates extracted for road building purposes. Previous research on the technical properties of bottom ash from municipal solid waste incinerators (MSWI) has shown that this material can meet the technical requirements for an unbound sub-base layer in a moderately trafficked road (Arm 2003). In addition, there is a great demand for road building material in Sweden. Just in the Stockholm region the use of rock and gravel for this purpose was around 4.75 million tonnes during year 2002. So far, bottom ash has not been used for road construction to any great extent in Sweden. One reason is that the environmental consequences of the substitution of crushed rock for ash have not been analyzed in full. 

There is thus a need for improved assessments of environmental impact from the use of waste material in road constructions. To assess environmental risks, leaching tests are often used to calculate the release of contaminants. However, these assessments seldom consider the effect of the influent water composition. One question is for example how the content of humic substances in the influent water would affect the leaching of metal contaminants. Besides leaching assessments, environmental impact assessments also need to be done with a broader perspective. While much emphasis has been put on risks for contaminant leaching, less attention has been paid to other impacts, some of which could be beneficial for the environment (Roth and Eklund 2003). To enable inclusion of these impacts, the assessment would have to expand to the whole life cycle of the road.

Objectives

The objectives with this PhD project are to describe environmental impacts of using MSWI bottom ash for road construction and to provide tools to predict the net release of contaminants from the ash to the surrounding environment. The project aims to:

	1)
	· Investigate the potential for using MSWI bottom ash as road construction material in the Stockholm region

· Describe what differences in environmental impacts can be expected if MSWI bottom ash is used in a road in the Stockholm region, taking into account the whole lifecycle of the road and including alternatively disposal of the bottom ash 



	2)
	· Identify mechanisms governing the solubility of target metals (Cu, Pb, Cr and Mo) and analyze how the influent water composition affects the net release of these contaminants from MSWI bottom ash in a short-term and in a long-term perspective

· Simulate the environmental impact of using MSWI bottom ash as a road construction material by applying coupled chemical/physical modeling


Project outline

The project starts with an inventory and a literature review to identify MSWI bottom ash production in the Stockholm region, the possible use of the material in road constructions, and its known environmental impact. To enable description of environmental impacts from using MSWI bottom ash as a road construction material in a broader sense than only considering leaching from the road material, an environmental system analysis method will be developed based on the concepts of life cycle assessments. Environmental systems analysis is a method to describe environmental impact from a system in a holistic view, including all subsystems and their interrelations. The use of this approach, instead of analyzing subsystems as isolated parts, can provide information that helps to avoid sub-optimizations in decision situations. In this project, two alternative systems will be analyzed, based on data from case studies in the Stockholm region in Sweden. In the first system, crushed rock is used as unbound sub-base material in a road while a certain amount of MSWI bottom ash is disposed at a landfill. In the other system, the crushed rock is substituted for bottom ash in the same road. The different scenarios will be described, compared and evaluated in terms of resource use and emissions. 

The MSWI bottom ash will then be thoroughly characterized to identify minerals and other phases of importance for sorption and precipitation of metal contaminants. Systematic batch and column experiments will be made with the bottom ash and a representative sample from crushed bedrock as a reference, to investigate how the net release of metal contaminants is affected by the influent water composition. The batch experiments are designed to provide information on the processes determining metal sorption/release, whereas column experiments (small columns, unsaturated flow) are made with varying concentrations of humic substances and/or selected metals (Cu, Pb, Cr) to evaluate the long-term effect of different water composition. Chemical equilibrium modeling with Visual MINTEQ (Gustafsson 2002) will also be used to analyze the processes governing the solubility and speciation of different target metals (Cu, Pb, Cr and Mo). By applying coupled chemical/physical modeling, tools will then be developed to predict the effects of the influent water composition. The Visual MINTEQ modeling results will be used and the program will be run together with the physical transport model CoupModel to calculate the net release of metals as a function of time from the materials. Model calibrations, using the column experiment results, are used to create scenarios for the long-term retention/release of metals. Finally, the results on leaching prediction will be used to improve the previously performed environmental system analysis.
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