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Flow Analysis of Metals in Municipal Solid Waste
(MSW) Management System
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Metals have toxicity property leading to adverse effect on human health and become scarce
resource. If metals in end-of-life goods (wastes) are controlled or treated inadequately, they will
eventually' result in high environmental risk on human health and ecosystem and valuable
resource loss. Metals should therefore be given higher priority in solid waste management
(SWM) system.

Treatment and recycling process of solid waste is last stage in goods’ life cycle and also
critical stage to determine whether metals are recovered, deposited in a landfill, or dispersed to
the environment. So, it is significant which process is selected for solid waste treatment and
recycling. This thesis aims to identify metal flow in SWM system to obtain the basic
information for efficient recovery and appropriate treatment of metals. The specific objectives
are (i) to identify distribution ratio of metals in outputs from SWM processes, (ii) to estimate
metal content in MSW composition from household area, and (iii) to measure the release
amount of hazardous metals to the environment.

This thesis investigated the following all SWM processes commonly used in Japan:
incineration, ash-melting, gasification (or pyrolysis)-melting, material recovery facility of
household bulky waste, resource recovery facility, refuse derived fuel (RDF) production facility,
carbonization facility, plastics liquefaction (or pyrolysis) facility, composting facility,
bio-gasification facility. '

The major findings of this thesis are summarized as follows.

In chapter 1, target metals were determined based on the possible use year (scarcity) and
toxicity and classified into three groups: (i) scarce metals: Pb, Zn, Sn, Cd, Cu, Se, Bi (ii)
hazardous metals: As, Cr, Sb (iii) widespread metals: Al, Fe.
~ Chapter 2 investigated incineration process, which treats approximately 80% of MSW in Japan.
Shredded bulky waste in input waste to incinerators was the most influential factor affecting the
variation of metal concentrations in fly ash and bottom ash. The effect was confirmed by analysis
of shredded bulky waste. During MSW incineration, lithophilic metals such as Fe, Cu, Cr, and Al
remained mainly in the bottom ash while Cd volatilized from the furnace and condensed to the
fly ash. About two thirds of Pb and Zn was found in the bottom ash despite their high volatility.

In chapter 3, metal behavior in ash-melting and MSW gasification-melting facilities were
studied. Distribution ratio of metal elements to MFA were generally determined by volatility of
the metal element, but chlorine content in feedstock had a significant effect on Cu and a marginal
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effect on Pb. Distribution ratio of Zn to MFA was influenced i)y the oxidizing atmosphere in the
furnace. High MFA generation and distribution ratio of non-volatile metals to MFA in
gasification-melting facilities was probably caused by carry-over of fine particles to the air
pollution control system due to large gas volume.

In chapter 4, material and metal balance in a material recovery facility (MRF) of household
bulky waste were estimated. Metal contents were analyzed for every composition of shredded
bulky waste. By composition analysis of oversize and undersize of a trommel separator, up to
40 percent of combustible materials was transferred into undersize fraction that is disposed of in
landfill, while transfer ratio of incombustible material into oversize fraction was less than 20
percent. Contribution ratio of end of life (EOL) goods to metals in bulky waste were estimated
using the composition of EOL goods, the metal content in composition, and the number of EOL
goods in input. Household electric appliances were a large source for most metals. The other
groups included metals to some extent as well. So, it is difficult to reduce metal content in
shredded bulky waste by excluding specific items of bulky waste.

Chapter 5 investigated metal balance in recycling facilities, i.e. resource recovery, RDF
production, carbonization, plastics liquefaction, composting, bio-gasification facility.
Incombustible waste directly landfilled was also analyzed for metal content. Bottom ash of MSW
incinerators (chapter 2) and bulky waste (chapter 4) were compared with outputs of recycling
facilities. In terms of metal content, bulky waste and incombustible waste showed the highest
value. Char from a carbonization facility, which treats household waste, was identified as
containing higher metal content than MSW incinerator bottom ash. Metal distribution analysis
between outputs revealed that most metals transferred to products, i.e. compost and. RDF, in
composting and RDF facilities, while they remained in reject and dewatering residue in
bio-gasification facilities. '

In chapter 6, flow analysis of metals in the entire SWM system was conducted based on the
metal balance in each facility obtained in the previous chapters (chapter 2~5). Leaching test of all
outputs from SWM facilities was performed to measure the release amount of hazardous metals
to the environment. By integrating output values in a process, metal content in composition of
household solid waste was estimated. For most metals except Cr, total contribution ratio of
paper/textile, bulky waste, and incombustible waste was over 80 %. Paper/textile/plastics
showed the highest contribution for Bi, Sb, Se, and Zn. High amount of Sn, Cu, and As were
mainly contained in bulky waste, and Cd was largely originated from incombustible waste. Pb
was almost equally distributed to paper/textile/plastics, bulky waste, and incombustible waste.
About 50% of Pb in paper/textile/plastics was originated from leaflet and paper- paper bag- wrap.
Most of Cr was caused by small plastics bag with handle in plastics packaging.

Finally, in order to investigate the influence of a waste management option on metal flow, four
typical scenarios of MSW management, ie. present scenario, incineration scenario,
gasification-melting scenario, and bio-waste recycling scenario, were assumed and evaluated.
Scenario evaluation revealed that most metals were depoSited in landfills and the leaching
potential of hazardous metals to the environment was very small in all assumed scenarios.
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