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Summary
China currently operates 19 municipal waste incinerators (MWI) with a total daily capacity of
approximately 7,000 tons (December 2002 status)1. This is about 2% of all the municipal solid
waste being produced in China. Most of these systems are grate technology. Because of the
low calorific value of the waste (approx. 5 MJ/kg), incineration on a fluidized bed and the
addition of hard coal is also wide-spread. The flue gas cleaning is done using dry or semi dry
systems.
This is part of the findings of a Swiss student of the Hochschule Rapperswil (HSR) who studied
the status of waste incineration in China. During his 3 month term in Beijing, he had the
opportunity to talk with local authorities and the operators of municipal waste incinerators. He
also had the opportunity of visiting several incineration plants and to draw samples from the
residues for further analysis. This work revealed that the heavy metal levels in the residue from
the municipal waste incinerators are clearly much lower than those in Switzerland. One
exception is mercury; its relatively high levels in the slag leaves room for interpretation and
speculation. Because of the data that was collected, we cannot exclude the possibility that
some Chinese municipal waste incinerators might even emit mercury into the environment.
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Figure 1: Visit to MWI in Harbin
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Status July 2003: Two further plants in Shanghai (capacity: 1000 t/d) and Wenzhou (capacity: 600 t/d)
have been put into operation in the meantime.
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Economy, who assumed the financing of the project.
Drastic increase in municipal waste
Waste represents a huge problem today in China, as it is frequently used inappropriately as
landfill, causing a serious burden on the ground and the groundwater. Regulated waste
management is mainly limited to the urban regions to date. In the rural areas, no authority is
generally responsible for solid waste, as it is normally dumped on agricultural land [1].
Therefore, the official statistics relate predominantly to urban household waste.
The amount of municipal waste has risen dramatically in China since the end of the 70s. It has
grown by just under 10% annually between 1979 and 1995. In major cities like Beijing,
Shanghai or Shenyang (Liaoning Province), the annual growth rate even reached 20 % [1].
Overall, the volume of municipal waste in China equaled approx. 140 million tons in 2000 [2].
This is double the amount for the year 1990 and represents an increase by a factor of six over
1979.
Increases in the waste volumes are also expected for the
coming years. Also, the standard of living in China will
presumably continue to improve, causing the per capita volume
of waste to increase accordingly. Moreover, the Chinese
economy has grown by about 8% in recent years. A similar
level of growth is also expected for the next years. Experience
has shown that the volume of municipal waste correlates with
the economic development, which also indicates a further
growth in the level of waste [3]. Lastly, urbanization is being
expected for China. Today about 35% of the population lives in
the cities. By the year 2020, this proportion is expected to have
Figure 2: Waste bunker in
risen to 50%. As the waste problem has only really been
Beijing
studied in the past in the cities, a further increase in the (recorded) volume of municipal solid
waste must be expected as urbanization progresses further.
Low calorific value in the studied municipal waste
The composition of the waste in China is extremely in-homogenous. In some of the large cities,
the composition of the waste corresponds roughly to that in Western Europe. In most areas,
however, the dominant components of the waste are kitchen waste and coal ash. The high ratio
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of kitchen waste is partly attributed to the eating culture. As a result, kitchen waste will also
continue in the future to represent a higher ratio of the waste in China than in Europe. The coal
ash originates in the household furnaces. The proportion of ash has clearly dropped in some
cities, as an increasing amount of gas is being consumed instead of coal in furnaces and in
kitchens [4]. This trend will presumably carry on as the use of gas as a substitute for coal
continues to be promoted in the cities as a result of the problems with air pollution.
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Figure 3: Calorific value of garbage in the examined plants and in Switzerland (the
sampled systems are identified as A to F for reasons of confidentiality)
Calorific value is one of the most important parameters for operating a municipal waste
incinerator. The average calorific value of municipal solid waste in the studied Chinese plants
equals 5 MJ/kg, the Swiss average on the other hand equals 12.5 MJ/kg (Figure 3). The reason
for the low calorific value is the high proportion of ’green waste’ (calorific value of approx.
2 MJ/kg) and inert substances. With grate furnaces, a minimum calorific value of 6 to 6.5 MJ/kg
is necessary for incineration without support firing. Normally, Chinese municipal waste
incinerators cannot be operated without support firing.
Incinerating municipal waste plays an inferior role today
Currently, the majority of all city waste is dumped as landfill, most of it in inappropriate dumps,
which causes a severe burden on the environment. The few secured landfill sites are
overloaded long before the end of the planned running time for the site, partly due to the use of
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unsuitable refuse compactors and because of the unexpectedly rapid increase in the volumes of
waste. An increasing shortage in space in urban areas, pollution of agricultural lands, a high
danger of explosions caused by landfill gases from the solid waste and rising transportation
costs are the side effects of the unregulated dumping of waste.
The incineration of municipal waste plays a minor role in China today, as the authorities still
focus mainly on incinerating hazardous waste, e.g. waste from industry or hospitals. In future,
however, China will not be able to further dump raw municipal waste. Some municipal
authorities already have great difficulties in finding landfill sites for waste a sensible distance
away from the city. Thus, an increasing number of cities have constructed or are planning to
construct incineration plants, in spite of the high costs involved. There were 19 municipal waste
incinerators in operation in China in December 2002 with a total daily capacity of approx. 7000
tons (Figure 4). These plants are used to incinerate 1.8% of all the municipal solid waste.

Figure 4: Municipal waste incinerators in China
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Fluidized bed combustion to incinerate municipal waste
In comparison with Switzerland, China uses fluidized bed combustion in addition to grate
furnace technology for incinerating municipal waste. This accounts for about one third of the
existing systems. As far as the grate technology is concerned, most systems have an average
(~500 t/d) or high capacity (~1,000 t/d) in addition to a few furnaces with a very small capacity
(<100 t/d). Most fluidized bed furnaces on the other hand appear to have a capacity ranging
between 100 and 500 t/d.
It appears as though large cities such as Shanghai
(see Figure 5) are mainly constructing grate firing
systems. Smaller and medium sized cities on the
other

hand
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to
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Figure 5: MWI in Shanghai

fluidized bed combustion is generally higher
than for conventional grate firing.
But because of the low calorific value of municipal solid waste in China, the costs of the
generally unavoidable support firing must also be taken into consideration. These costs are
much lower for fluidized bed combustion. This is due to the fact that coal can be used instead of
oil, since fluctuations in the calorific value can be leveled out because of the high thermal
capacity of the sandy bed. Since the costs of coal are clearly lower than those for oil, support
firing in fluidized bed combustion is therefore less expensive than with grate firing. This reduced
cost for support firing results in the fact that fluidized bed technology can still be competitive in
China, even for municipal solid waste.
Almost all the flue gas cleaning processes employed in China are dry or semi dry followed by
the subsequent separation of the fly ash using textile filters. In Switzerland, in contrast, electric
filters are used almost exclusively followed by flue gas scrubber.
Thus, Chinese fly ash typically contains an excess in lime. Normally, activated carbon is blown
in in addition to lime to remove the dioxins and mercury. To the best of our knowledge, Chinese
municipal waste incinerators are not equipped with denitrogenization installations.
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No metal recycling from MWI residues
In general, slag from waste incinerators is not reused. Plans are underway however to use it in
the future as a building material. With the exception of Hang Zhou, none of the studied plants
used processes to reclaim metal from the residues from MWI. In some systems, the workers are
authorized to manually sort out metal pieces from the waste or the slag and even to sell them
themselves.
According to the SEPA (State Environmental Protection Agency), fly ash is supposed to be
compacted with cement and then taken to suitable landfills. Because of the high costs of
cement, there are reasons for doubt that this actually occurs.
Less metal and heavy metal, but more mercury in Chinese residue
We visited five municipal waste incinerators and took samples of their residues within the
framework of this project. We also obtained samples of the residues from two other incineration
plants. The systems from which samples were taken are marked and circled in Figure 4.
Examining the residues from the municipal waste incinerators (MWI) allowed us to arrive at
conclusions about the metal contents of the raw waste incinerated at the municipal waste
incinerators.
The slag was initially checked for its content of metal scrap. The slag was pulverized for this
purpose and metal pieces larger than 2 mm were separated out. The average metal content of
the Chinese slag obtained in this way was clearly lower than that of Swiss slag, 3.3% over
12.6% in Switzerland. The difference is even larger if only the non-ferrous metals are taken into
consideration. In that case, the proportion in the Chinese slag only equaled 0.24% compared
with 3% in Switzerland [5]. Reclaiming the non-ferrous metal scrap from the slag does not
appear to be economically attractive as a result.
XRF (x-ray fluorescence) was used subsequently to obtain the disperse heavy metal content of
the pulverized slag and the fly ash. This showed that the concentrations of copper, zinc, lead
and cadmium in Chinese MWI slag are clearly lower than the Swiss values. Mercury is the only
substance that occurs in significantly higher concentrations in slag in comparison to the Swiss
values (Figure 6). Chinese fly ash also reveals much lower levels of heavy metals (copper, zinc,
mercury and lead were studied) than Swiss fly ash (Figure 7).
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Figure 6: Contaminants in slag
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Figure 7: Contaminants in fly ash
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High mercury level in slag from Chinese municipal waste incinerators
It becomes apparent that the slag from Chinese municipal waste incinerators contains higher
levels of mercury than the slag from Swiss municipal waste incinerators. This may indicate a
high level of mercury in the untreated waste; there is a possibility that not only municipal solid
waste is incinerated in Chinese MWI, but that some hazardous waste also finds its way there. If
this is the case, then the low mercury levels in the fly ash are surprising as the overwhelming
part of the mercury contained in the municipal solid waste normally reports into the flue gas
during incineration, and only a small amount is analyzed in the slag.
This unusual relationship between the mercury levels in the slag and the fly ash could be
indicative of lower combustion temperatures. However, the good burnout of the slag indicates
the contrary. One alternative explanation is that although there is a relatively high level of
mercury in the untreated waste, and this waste is actually incinerated under “normal“
incineration temperatures, inadequate quantities are recovered during the flue gas cleaning,
thereby accumulating in the fly ash to a lesser extent. The mercury problem leaves some
questions unanswered. It is certainly necessary to clarify whether the systems are actually
operated properly to remove the mercury from the flue gas, especially whether activated carbon
is actually blown in the off gas stream. One must also bear in mind that the sometimes
customary recirculation of loaded activated carbon will lead to the successful destruction of the
dioxins but it will also result in the build up of mercury in the system which will eventually leak
into the environment.
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Heavy metals and the GDP
We also explored the question of whether a prognosis can be made about the future
development of the heavy metal contents in Chinese municipal solid waste. Copper was used
as the model parameter for the national economy’s development level, as the copper level in
municipal solid waste depicts the degree of "electronification" and is therefore indicative of the
technical development level of the region. The copper levels in the untreated waste extrapolated
from the residues from the municipal waste incinerator were compared with the GDP per capita
for the corresponding regional location of the municipal waste incinerator.
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Figure 8: Copper in the waste in various regions of China and in Switzerland
This revealed that there is a highly significant relationship between the copper content in
municipal solid waste and the status of the economic development for the region (Figure 8).
Accordingly, one may assume with some confidence that the heavy metal content in Chinese
municipal solid waste will rise as the economic development proceeds; one more reason why
the development of waste incineration in China must be pushed ahead quickly.
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