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Study on the development of the new type of refuse incineration facility for the coming era
Summery of the report
[.Summary of the Studies and Investigations Made in 1998

1.1.Pilot Test and Experiment Plans
The gasil"yingg melting processes proposed by cach manufacture companies can be briefly  divided into @
fluidized bed gasifying method, @ kiln gasilying method, and @) shaft furnace gasifying method. The
processes proposed by the participants  are given below.
@  Fluidized bed gasitying method (8 companies, 1 group)
(EBARA corporation. KAWASAKI HEAVY INDUSTRIES, LTD.
KOBE STEEL, LTD. Sumitomo Heavy Industries, Ltd. TSUKISHIMA KIKAI CO., LTD.
Babcock-Hitachi K.K.  HITACHI ZOSEN CORPORATION.
MITSUBISHI HEAVY INDUSTRIES, LTD. KSTU Group.)
@  Kiln gasifying method (2 companies, 2 group)
(IK Group. TAKUMA CO., LTD. MITSUI ENGINEERING & SHIPBUILDING Co., Ltd.
Hitachi group)
@  Shaft furnace gasifying method (2 companies)
(NIPPON STEEL CORPORATION. NKK CORPORATION.)
Notes; 1): The abbreviations used for company name are as follows;
IK group:(Ishikawajima-Harima Heavy Industries Co., Ltd. KUBOTA Corporation. )
Hitachi group:(Babcock-Hitachi K.K. Hitachi, Ltd. )
KSTU group:(KURIMOTO, LTD. SANKI ENGINEERING CO., LTD.
Toray Engineering Co., Ltd. UNITIKA, LTD. )

1.2. Joint Studies

1.2.1. Development of flyash produced by ash melting and Molten Ash Disposal Process

( flyash produced by ash melting and Molten Ash Subcommittee)
Onc of the conditions necessary for the new refuse incineration system for the coming era to be
socially recognized is the recycling of the flyash discharged from facilities or its appropriate treatment.
The purpose of this study is to evaluate the physical properties, marketability, cost efficiency, etc. of
flyash or substances recovered from flyash and to determine points to note about recycling when flyash is
regarded as a resource.
In fiscal 1997, the present state of the treatment of flyash generated from existing melting furnaces and
the possibility of recycling of flyash were examined and problems were pointed out through @
questionnaires to local governments, @ investigation on heavy metal recovery technologies, ®
investigation on salt recovery technologies, and @ investigation on technologies for producing

pollution-free flyash produced by ash melting and Molten Ashes. In the fiscal year 1998, @ an



investigation of the properties of flyash, @ a heavy metal recovery test, @ an investigation of points
to note about the recycling of flyash, and @ an investigation on technologies for producing
pollution-free flyash produced by ash melting and Molten Ashes were carried out for the flyash
generated from the new  refuse incineration system for the coming era ( mainly demonstration facilities
) on the basis of the results of the investigations conducted in fiscal 1997. These investigations arc
reported below.

The details of the rescarch arce as follows.

1) Investigation of the propertics of flyash

Details:
An investigation was made into the properties ol the flyash obtained from the demonstration
facilities of new refuse incineration system ( the gasifying melting process ) proposed by
each company and a comparison with the flyash obtained f{rom ash melting furnaces, etc.,
were carried out. Furthermore, a basic test on heavy metal extraction from flyash was
conducted and the results of the test including data on properties were submitted to the
nonferrous refining industry ( the Japan Mining Industry Association ) to ask for an
evaluation as a heavy metal resource.

Results:
The high-concentration components of the flyash produced by the gasifying melting process
are chlorine, calcium, potassium and sodium. Heavy metals consist of zinc, lead and copper.
The 11 kinds of flyash obtained from demonstration furnaces show relatively small
differences in properties. A comparison with the flyash obtained from ash melting furnaces
reveals that the concentrations of heavy metals are somewhat low and the concentrations of
the components to be transported into slag ( calcium, silicon and aluminum )} are somewhat
high.

A heavy metal extraction characteristic test was conducted on 10 kinds of flyash. In the
extraction using purified water, the extraction ratio of lead, zinc and copper was 20% or less
and low, and pH dependence exists. When hydrochloric acid and sulfuric acid ( pH1, pH3 )

are used, the extraction ratio of lead and copper shows differences depending on the kind of
flyash although that of zinc is 50-70% or less and high.

We obtained the nonferrous refining industry's view that technically, the flyash obtained by
the gasitying melting process cannot be directly received in the refining proceSs because of
somewhat low concentrations of heavy metals and high chlorine ‘concentrations, but can be
received only for a reverse consideration, i.e., if the nonferrous refining industry is

compensated, as with the flyash obtained from ash melting furnaces.

2) Heavy metal recovery test
Details:
A heavy metal recovery test by the acid extraction method was conducted on three kinds of

melting flyash obtained from different types of furnace in consideration of a possibility that



recovery technology may be added to the site of waste disposal facility. Recovered heavy
metals were evaluated as nonferrous refining materials.
Results:

The test was carricd out by setting test conditions in the acid dissolution process, the
primary-sulfide [ormation process and the secondary-sulfide formation process by preliminary
examinations for cach kind of flyiash. Judging from the partition ratio of each sample, target
hcavy metal recovery was almost achieved. However, because the concentrations of silicon,
calcium and aluminum in recovered heavy metals are generally high, target heavy metal
concentrations arce relatively low and the added values as recycled raw materials are low.

We obtained the nonferrous relining industry's view that heavy metals recovered from flyash
cannot be evaluated as valuable recycled raw materials with the exception of part of the
samples, but can be received only for a reverse consideration, i.e., if the nonferrous refining

industry is compensated.

3) Investigation of points to note about the recycling of fly ash

Details:
On the basis of the results of various investigations and evaluation by the nonferrous refining
industry mentioned in 1) and 2) above, points to note about the technology and social
system for the recycling of flyash were investigated.

Results:
For technological points to note, there is a possibility that pretreatment aimed at the removal
of chlorine, etc. and the concentration of heavy metals for reuse may be necessary in the
recycling of heavy metals recovered from flyash. Furthermore, it is important that the
occurrence of secondary environmental pollution be prevented in the recycling process
including transport and storage.
As points to note in terms of social system, it is important for the nonferrous refining
industry which receives recycled heavy metals and municipalities to build an efficient system,
and it is necessary to build a system capable of positively supervising and controlling

recycling (control cards, etc.).

4) Investigation of the treatment for making fly ash harmless
Details:
Various kinds of treatment for making harmless the flyash obtained from the demonstration
furnaces adopted this time were carried out and an evaluation was carried out by an elution
test (Environment Agency Notification No. 13).
Results:
It was ascertained that all kinds of flyash adequately meet the landfill standard through the
addition of chemicals such as chelate. The amounts of chemicals differ greatly from one kind

of flyash to another.



1.2.2. Re-synthesis Simulation Experiment on Dioxins by Small-Size Testing Machine (Exhaust Gas
Subcommittee)
The generation of dioxins in new refuse incineration system for the coming era occurs very little because
of high-temperature combustion. In order to further reduce dioxins, however, it is important to suppress
re-synthesis in the heat recovery and temperature reduction processes downstream [rom the incinerating
process. The effects of various factors on the re-synthesis behavior ol dioxins have been partially
qualitatively grasped in conventional actual furnaces, new  system demonstration plants, cte. However,
there are still many unclear portions for quantitative examinations. In the Exhaust Gas Subcommittee, the
re-synthesis behavior of dioxins in boiler portions was confirmed and tested through the use of a model
reaction system in which the re-synthesis ol dioxins is cxcessive and under experiment conditions that
allow the effect of each factor to be grasped as independently as possible. More specitically, dummy
exhaust gases (02, CO2, H20, N2) were caused (o pass, along with precursor vapor, HCI gas and SO2
gas or without them, through a fixed reactor tube filled with flyash, and the concentrations of dioxins in
the gases on the downstream side of the reactor and the concentrations of dioxins in the flyash remaining
after the reactions were analyzed to investigate the effect of each factor. As a result, the following became

evident.

1) Purpose and basic policy (Exhaust Gas Subcommittee)
In considering the behavior of dioxins in a waste disposal process based mainly on high-temperature
combustion of "gasifying-melting", phenomena should be reproduced by setting conditions similar to
those of a real process. However, there are many methods of gasifying process, experiments should be
possible by means of a relatively small-scale device, and it is supposed that dioxins are almost
decomposed in fields of high-temperature combustion. Therefore, it was decided to pay attention to the
exhaust gas cooling process in which there is a possibility of re-synthesis also in the gasifying-melting
process and to conduct an investigation by experiment.

In other words, the following basic policy was adopted in order to clarity what kind of formation

characteristics dioxins have in a field where ash is present with properties probably different from those

of the ash obtained from the conventional incinerating method.

(1) The test range is the slow cooling process of exhaust gas.

(2) Ash obtained after the melting process is used and a model organic compound of a precursor is
supplied to this ash.

(3) Preliminary investigations, including the results of investigations and studies being carried out
separately, are thoroughly carried out and test conditions are narrowed down, thereby obtaining
experiment and analysis data with accuracy and reproducibility which can be evaluated.

(4) For the re-synthesis behavior of dioxins, the aim is to obtain quantitative data, which provides a

standard, in a common field even when this data is qualitatively partially known.

2) Experiment
(1) Compositions of ash

The following five kinds of composition of applied ash are examined. In other words, they are a case



where flyash obtained from the demonstration furnace of the gasifying-melting method is used, a case
where it is considered that there is no possibility of formation of dioxins arising from ash due to the
removal of coexisting organic substances from the above fly ash obtained from the demonstration furnace,
a case where chlorides of copper from which the function of a catalyzer is expected is added to the flyash
obtained from the demonstration {urnace, a casc where flyash is composed of only the basic matrix of ash
and contains ncither organic substances nor heavy metals, and a case where {lyash from the conventional
furnace considered to be a different kind of ash is used. The symbols of these kinds of ash used in this
report are given below.

A:Flyash obtained from the demonstration furnace

B:Flyash obtained by removing organic substances from the above fly ash

C:Flyash obtained {rom the conventional [umace

D:Flyash obtained by adding chlorides of copper to the above fly ash obtained from the demonstration

furnace

E:Flyash which contains neither organic substances nor heavy metals
(2) Atmosphere gas
The dry composition of atmosphere gas is N2 80%, O2 6%, and CO2 about 10% and coexisting
moisture is set at 20%. However, in initial experiments there were cases where the oxygen concentration
was 10%.
(3) Organic components supplied
The following substances are taken into consideration as organic substances supplied. They include
substances other than organic compounds of chlorine in addition to chlorobenzenes and chlorophenols,
which are generally considered to be precursors.

@ Chlorobenzene (C6HSCI) selected from chlorobenzenes

@ o-chlorophenol (C6H4CI(OH)) selected from chlorophenols

® Benzene (C6H6)

@ n-octane (C6H18)
Because chlorophenols are the most typical precursors among the above organic substances supplied,
o-chlorophenol is to be mainly used.
The concentrations of chlorobenzenes present in the exhaust gas obtained from the usual conventional
incinerator are tens of micrograms per cubic meter as a total of dichlorides to hexachlorides (Kawamoto,
1993) and chlorophenols are also present in similar concentrations. Therefore, the supplied concentrations
of the above organic substances in the range of from 100 to 200 mm/m3 are considered to be appropriate.
(4) Coexisting inorganic gases
Hydrogen chloride (HCI) which is usually present in exhaust gas and is considered to have an effect on
the formation of dioxins is supplied at the same time as an organic component. In addition, a condition
under which sulfur dioxide (SO2) is supplied is also applied. For SO2, it is pointed out that there is a

possibility of suppressing the formation of dioxins.

3) Outline of this demonstration test

(1) Although the re-synthesis reaction of dioxins occurred also in the flyash obtained from the new



generation furnace, the total amount of formed dioxins on the gas side and ash side was about 1/30 of that
of the ash obtained from the conventional furnace (the concentration in remaining ash was about 1/100 of
that of the ash obtained from the conventional furnace, and the concentration on the cxhaust gas side was
almost cqual to that of the ash obtained from the conventional furnace).

(2) Although the addition of copper chloride increased the concentration of dioxins on the gas side
(about 5 times), the concentration on the ash side did not increase so much. The addition of copper
chloride promoted the formation of PCDFs, in particular OCDF. When the organic substances
(carbonaccous substances) in the ash obtained from the conventional ash were reduced by pretreatment
before combustion, the amount of formed dioxins decreased to the same level as with the ash obtained
from the next-generation furnace.

(3) In an experiment, the presence or not of a precursor in the dummy gas brought into contact with the
flyash obtained from the next-generation furnace and the kind and concentration of the precursor were
changed. In this experiment, there was no great difference in the concentration of dioxins between the
exhaust gas side and the remaining flyash side. On that occasion, the distribution of isomers and
congeners did not depend on the presence or absence and concentration of the precursor feed and was
almost the same whether the precursor was an aromatic system or aliphatic system. From the above it was
concluded that under such conditions under which the formation of dioxins is excessive as with the
present case, the formation of dioxins is greatly influenced by the organic substances (carbonaceous
substances) originally present in flyash rather than by the precursor in flyash.

(4) For the effect of the reaction temperature on the re-synthesis behavior in the flyash obtained from the
next-generation furnace, it was found that the concentration of dioxins on the exhaust gas side reaches its
peak at 350 - C and decreases abruptly at temperatures under and above this temperature (i.e., 275 -
and 420 - C). The concentration on the ash side reached its peak at 275 - C and about half that
concentration was observed even at 200 - C. The concentration was lower at 350 - C than at 200 - C and
it was considered that dioxins are apt to disperse at that temperature.

(5) The effect of the retention time was in agreement with the behavior described in (3) above. The
retention time of the gas including the precursor did not have an effect on the formation behavior of
dioxins. In the present experiment in which the amount of charged flyash was changed on the assumption
that the linear velocity is constant, the concentration of dioxins on the exhaust gas side increased in
proportion to the amount of charged fly ash and the concentration on the ash side was constant. The
distribution of isomers and congeners did not change.

(6) For the effect of the coexisting inorganic gases, it was ascertained from a comparison between HCI 0
ppm and HCl 1,000 ppm that this substance promotes the formation of dioxins. However, because
polychlorinates increase, the increase in the amount of dioxins as a toxicity equivalent was not so great.
For the effect of SO2, it was ascertained that the addition of 500 ppm is a somewhat effective in
suppressing the formation of dioxins on the exhaust gas side. However, the effect of SO2 on the
suppression was not ascertained with an addition of 50 ppm.

(7) The formation behavior of coplanar PCB was almost constant and its concentration was about 6%
(concentration ratio by oxygen 12% conversion) on the average as the ratio to PCDD/Fs on the exhaust

gas side. On the ash side, this concentration was about 10% (measured concentration ratio) in the ash



obtained from the next-generation furnace and about 2% (measured concentration ratio) in the ash
obtained from the conventional ash. The component proportion of the composition was di-ortho:
mono-ortho: non-ortho = 35: 45: 20 or so on the exhaust gas side. On the ash side, the proportion of
di-ortho tended to be a little lower than the numerical value on the exhaust gas side and the proportion of
non-ortho tended to be a little higher. The tendency for cach factor was almost in synchronization with
the behavior of PCDD/Fs and a similar tendency was ascertained also for the effect of the presence or
abscnce of the above precursor feed and of the kind of ash.

The present simulation test on a small testing machine was carried out, as mentioned above, under a
condition in which the effects of operating factors were extracted as independently as possible and
changes were emphasized in order to quantitatively grasp the tendency. In actual machines each factor
works in combination, and not singly. Therefore, the results of the present experiment are not always
analogically reflected in actual operations and the absolute values of various kinds of data are not directly
connected with actual machines or demonstration furnaces. However, because the results of the present
experiment provide independent constituent test data, they can be applied and utilized on a common basis
irrespective of the type of next-generation refuse incinerating facility. We expect that in the future, the
results of the present experiment will be examined through the cross-reference with data obtained from
actual machines and demonstration furnaces and applied by being appropriately adapted to the device
conditions and operating conditions of each facility, thereby contributing to measures for a further

reduction of dioxins in next-generation refuse incinerating facilities.

1.2.3. Concept of Preparation of Standard/Guideline of System (System Subcommittee)
In the last fiscal year, a risk-event scheme was prepared in order to secure the safety of new refuse
incineration system. The purpose resides in the following three points:

@ What kind of event can occur is thought out.

© The cause-and-effect relations between events are thought out.

® Measures are thought out for each event.
A risk is defined by the product of the probability of occurrence of an event and the gravity of the effect
of the event and a very slight accident may spread like a chain reaction, resulting in a serious accident. It
is impossible to completely avoid the occurrence of conditions undesirable for a system and malfunctions
in equipment and devices. However, by drawing a risk-event scheme it became possible to make clear
what kind of event can occur, what should be done to prevent the occurrence of the event, and what
should be done to cut off the chain reaction leading to a more serious accident. In other words, conditions
to be provided to secure the safety of a system are all described in the risk-event scheme.
In the current fiscal year, a draft for a design guideline was prepared on the basis of the risk-event

scheme. The concept and method of preparation are as follows.

1) Documentation of risk-event scheme
There are two cases as the methods for writing explanations. Explanations are written @D for each purpose
of control and management or ® for each device and function to be provided and measures are described

in the explanations. For @ above, there are a rough purpose such as "securing the stability of melting"



and a further detailed purpose such as "pressure control".  In either of the cases, duplication of
descriptions cannot be avoided. More specifically, a purpose of control and an object to be controlled do
not correspond on a one-to-one basis and a description of an object to be controlled appears also in the
item of another purpose of control. The case @ has not been much discussed. For example, "a pressure
controller” is used for various purposes and, in this case, therelore, the same purpose of control is written
many times.

In the risk-cvent scheme, such complex relationships between the purposes ol control and objects 1o be
controlled are clearly defined and indicated. The above methods for writing explanations @ and @ arc
nothing less than bringing the plain context of an event into a complex lorm again. Because all
conceivable purposes of control and objects to be controlled are summarized in the risk-event scheme,

they were documented.

2) Documentation unit

A documentation unit was provided for each event in the risk-event scheme. Each explanation contains a
description of what kind of measure is necessary. Furthermore, it describes what kind of accident occurs
if the event is left as it is (necessity of taking measures), ie., the cause-and-effect relation in the
risk-event scheme. All the purposes of control and objects to be controlled could be documented by

adopting this method.

3) Grouping of documents
The whole was classified according to rough purposes of control such as "securing the stability of
gasifying”. Although documents prepared in 2) above relate to multiple purposes of control, they were
included in explanations of the purposes of control to which they are most strongly related. At the end of
each explanation, what kind of measure is necessary was pointed out for each aspect of equipment
structure, operation control, maintenance and control. Furthermore, before each explanation, an outline of
the explanation, main purposes and objects to be controlled are summarized. More specifically, an
explanation for each purpose of control is composed of:

@ Outline of the purpose of control and object to be controlled

@ Explanation corresponding to the risk-event scheme

® Summary of necessary items of measure
Incidentally, because there is a difference in the purpose of control and object to be controlled between

systems, an explanation was prepared for each type.



1.3. Summary

1.3.1. Estimation of Planned Amount of Heat from Refuse

In the fiscal 1996 estimation, the recycling ratios of plastics and paper were determined from the
compositions of cach type of refuse. In the current fiscal year, however, the amount of packing waste was
sct at 24.2% ol paper waste and at 80.1% ol plastics waste on the basis of the "Measuring Survey of
Houschold Refuse, Etc. in the Tama District" carried out by the Tokyo Municipalities Survey Committee,
and planned refuse quality was determined by assuming the recycling ratios from the results shown in

Table 4.1.

Table 4.1 Refuse quality for recycling ratios (keal/kg)
Recycling ratio (%) Lower-class refuse  Standard refuse Higher-class refuse
0 1,535 2,053 2,572
Paper 50 x plastics 50 1,312 1,754 2,195
Paper 50 x plastics 70 1,225 1,631 2,036
Paper 50 x plastics 80 1,177 1,568 1,960

For the setting of target recycling ratios, it was thought that it is difficult to substantially raise the
recycling ratio of paper because each municipality has already promoted the recycling of paper and,
therefore, the recycling ratio of paper was estimated at 50%. For plastics, there are uncertainties about the
treatment method for fiscal 2000 and beyond and it is difficult to make a forecast. For this reason, in the
fiscal 1996 survey it was decided to carry out a review in the current fiscal year when the basic policies
of municipalities would become clear. However, the situation on recycling of plastics does not much
change and the recycling ratio of plastics was estimated at 50% in consideration of various conditions.

In order to ensure that the design conditions of facilities can be suitable for a wider range of refuse, the
quality of lower-class refuse is set as shown below by considering that the quantity of heat of higher-class
refuse is about twice that of lower-class refuse on the basis of the numerical values shown in Table 4.1.

Lower-class refuse Standard refuse Higher-class refuse

1,300kcal/kg 1,850kcal/kg 2,600kcal/kg

1.3.2. Summary of Demonstration Tests

1) Number of demonstration facilities

Out of the 19 companies in the project, 12 companies independently constructed demonstration facilities
(12 plants). The remaining 7 companies had the desire to conduct joint development; 4 companies
formed a group, two companies formed a group, and the remaining one company formed a group with
another company ,which conducts demonstration tests individually, in order to adopt a treatment method
different from that adopted by this company. Thus, 3 plants were constructed by the three groups. As a

result, demonstration tests are being carried out with a total of 15 plants.

2) Types of facilities and facility scale
The fluidized bed gasifying method is adopted by eight companies and one group. For facility scale, two



facilities have the scale of not less than 30 t/day, five facilities have the scale of not less than 20 t/day,
and two facilities have the scale of 10 t/d. The kiln gasifying method is adopted by two companies and
two groups and the scale is 20 t/day. The shaft-furnace gasifying method is adopted by two companies
and the scale of one lacility is not Iess than 30 t/day and that of the other facility is 20 t/day.

Demonstration test data was submitted by 6 companics and one group lor the (luidized bed gasilying
method, by two companics and one group for the kiln gasifying method, and by two companics for the

shaft-furnace gasilying method.

1.3.3. Results of Demonstration Tests (Propertics of Exhaust Gas)

1) Exhaust Gas

The experimental results in cach substance arc shown as follows.

O Nitrogen oxide
(the target value: below 50 ppm at the inlet of exhaust gas treatment facility,
below 10 ppm at the outlet of stack)
The number of measurements of the nitrogen oxide concentration at the dust collector is small
and hence the result is omitied here. The target value of nitrogen oxide concentration of below 10
ppm was achieved only in two cases where de-NOx equipment was installed.
O Dioxins (the target value: below  0.2ng-TEQ/m3N at the inlet of exhaust gas treatment facility,
below 0.01 ~ 0.05 ng-TEQ/m3N at stack)
The target value of dioxin concentrations at the inlet of exhaust gas treatment(dust collector) is
below 0.2ng-TEQ/m3N and below 0.01 to 0.05ng-TEQ/m3N  at stack. According to operational
results, because high temperature in the melting furnace makes dioxins be decomposed, the
dioxin concentration of exhaust gas is almost within the range of 0.1-0.7ng-TEQ/m3N at the
inlet of exhaust gas treatment. Though depending on some different types of dioxin removal
apparatus or whether there is dioxins remover or not, dioxins concentrations are distributed
within the range of 0.001-0.07 ng-TEQ/m3N at outlet of stack.
Furthermore, the dioxins concentrations in the seven of 17 samples are under the target value at
the inlet of dust collector. The dioxins concentration in only one sample of them is not less than
0.05ng-TEQ/m3N of the upper developing target value at the outlet of stack. On the other hand,
dioxins concentration in the eleven of 22 samples are less than 0.01ng-TEQ/m3N of the lower
developing target value.
O Excess ratio of combustion air (the target value: below 1.3 in equivalent value of air ratio)

The target value of excess ratio of combustion air of not more than 1.3 was achieved in 11 cases
out of 18. Furthermore, excess ratio of combustion air of 1.2 to 1.6 are in the most frequent

distribution range.

2) The refuse quality
The refuse quality used in the demonstration is from 600 to 3,600 kcal/kg . An auxiliary fuel is necessary
for ash melting depending on the quantity of heat of refuse used. The necessity for an auxiliary fuel

differs depending on melting temperature, type of furnace, etc.



3) Slag
In all cases, slag showed values not more than the limit values of the environmental standard for soil
prescribed for the clusion test provided for the "Environment Agency Notification No.46" . The use of

slag as civil engineering materials and the development of its applications are expected.

4) Fly ash

For the recycling of heavy metals {rom fly ash, there is a strong possibility that the removal of contained
chlorine and pretreatment for cnrichment of recovered heavy metals will be necessary. If a social
cvaluation of the prevention of sccondary pollution from these recycling steps and of their cost efficiency
is determined, reduction at the mine can be taken into consideration as a promising method for effective

utilization.
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