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Methodology
For unwillingness is quantified relatively

reference actions
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Results and discussion
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 Collected PET bottles  

In Japan,PET bottles have been collected separately 
for recycle by local authorities. 
However…

Some of PET bottles users might feel mental stress and psychological resistance

These problems increase 
recycle cost.
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study objective
evaluate how much people feel unwillingness to 
dispose of PET bottles correctly.

People feel stronger unwillingness when they complete several actions together than one by one.People ffeel stronger unwillingness whe

conclusion

unwillingness

which action do question feel larger unwillingness?

Thurstone’s pairwise comparison
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Japan,PET bottles have been colleccted separate

Introduction

foreign substance

uncategorized materials
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In Thurston’s pairwise comparison 
method, selection ration is assumed to 
have cumulative normal distribution as a 
function of difference of unwillingness 
between two reference actions .

Relative degree of unwillingness of each 
reference actions can be calculated 
from all selection ratio data.

Relative Z values and market 
prices to outsource reference 
actions are compared, there 
might be linearity.

Relative degree of 
unwillingness of a certain 
action can be converted finally 
to money via relative Z values.
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Relation between excepted unwillingness and 
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A  Cup removal 
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Correct disposal of PET bottles
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                                          Due to the nature of    
    MSW incineration or        

                                           MSWI, the ashes contain 
    concentrated amounts
    of heavy metals or           
    elements. The ashes will 
    still need to be landfilled 

or recycled but unless they are treated 
beforehand, the heavy metals may leach into the 
environment, causing health damage to humans, 
plants and wildlife.

                                        Due to population growth,    
                                        urbanization, increased
                                        consumerism and limited 
                                        land space, incineration is 
                                        increasingly being utilized   
                                         for the disposal of   
                                        municipal solid waste 
(MSW). Incineration allows the recovery of energy 
from MSW and also reduces its volume by up to 
90%. The residues that remain are in the form of 
ashes, namely fly ash and bottom ash.

Background

Materials & Methods
A search and review was made for published papers available in 
the English language online that focused on the management, 
treatment or characterization of MSW incineration ashes with 
regards to metallic/ionic content. However, the search was by 
no means exhaustive and a total of 450 papers was found using 
the following key words: msw, fly ash, bottom ash, heavy metals, 
solid waste
The papers were reviewed and then classified based on the 
following criteria as shown on the left:

Analysis and Discussion
Research Purpose & Time Trend

• With a growing global population, increasing urbanization and decreasing land space, the focus has clearly shifted to recycling MSWI ashes 
rather than landfilling.

• Developed/developing countries across Europe and Asia are spearheading the development of MSWI ash research
• Currently, the main methods of ash treatment are thermal, cementation and chemical in nature

                                       Many peer-reviewed     
                                       papers that focused on the 
                                       treatment of MSWI ashes   
                                       have been produced. The
                                       objective of this research is
                                       to understand the extent of  

attention given to MSWI ash 
research, the areas of  investigation, where and 
when such researches have been carried out. 
Because the contents of published papers reflect 
the researchers’ attention or public focus, paper 
content analysis enables us to better understand 
the research history and trends.                                     
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Details     �     Purpose     �     Category

Fly ash is generally more toxic due 
to higher heavy metal content 
resulting from vaporization of 
metals during combustion; hence, 
the greater focus  
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The 2000s sees a big 
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MSWI ash recycling 
research.  

60.

With increasing 
urbanization & 
decreasing land 
space, the  
majority of papers 
focus on recycling 
of MSWI ash 
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Incineration is popular in Asia & Europe due to high 
country/urban population densities; hence the 
greater amount of research on MSWI ashes from 
these 2 regions.
 

Breakdown of Categories 

Thermal treatment of MSWI ashes is predicted 
to drop between 2010~2019 due to high 
energy consumption. Cementation & 
chemical treatment are predicted to increase 
due to  ease-of-operation & relatively lower 
costs. 

Locality
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Asia. 16 of 28 megacities with 
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THE EFFECT OF RAW COAL FLY ASH AMENDING ON WATER 
HOLDING CAPACITY OF SOIL AND SAND WITH DIFFERENT 
SIZE RANGES 
P-027 

Mengzhu Song, Shenglei Lin, Fumitake Takahashi 
Department of Environmental Science and Technology, Tokyo Institute of Technology  

Fly ash (FA) is a solid waste by-
product from the combustion 
processing of coal fired power
generation. Every year huge 
amounts of FA are disposed 
without utilization 

                   BACKGROUND 

A Calculation concept of WHC based on water retention curvelginate 

                RESEARCH CONTENT 

Decomposed granite soil (DGS)  

RESULT AND DISCUSSION 

CONCLUSION 
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Desertification is one of major 
social problems around the 
world. FA can be used as a soil 
amending material to improve 
water holding capacity of  soil. 
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The soils and sand were sieved into different size ranges 
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Textural 
modification will 
be focused on 

))GGGS)S))GGS) River sand (RS)  

DD The weights 
were 
measured 
every hour to 
monitor water 
retention. 
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� Generally raw FA amendment has a positive 
effect on the WHC of soils and sand. 

� In the same soil/sand size range, WHC is 
usually higher at 20 wt% of FA mixing ratio. 

� WHC differs from soil and sand types. 

� Relationship between the particle 
size and WHC was non linear. 

� Highest WHC appeared in certain 
range of particle size. 

� Size dependency was regarded as 
significant in some cases even 
when experimental errors were 
taken into account. 

� When temperature is different, 
optimum size range for highest 
WHC changed.  

FA a endmaaaaaaaaaamemmmmmmmmmmmmmmmmmmmmmmmm� Gene
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� In the
usua

Raw FA amendment has a positive effect on the WHC of soils. 
The t-test showed that the size dependency of raw FA amendment on WHC was regarded as significant.  
The impact of FA addition on WHC is very complex, depending on many factors such as particle sizes, drying 
temperature, soil type, and mixing ratio of FA. 
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破 不燃 渣の埋立特性に関する研究 
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UAV

75

G 5.64 2.15 2.62 6.88 2.62 0.02 *
B -5.53 1.81 -3.06 9.37 -3.06 0.01 **

10.57 17.15 0.38 0.62 0.55

A2
G -0.93 0.40 -0.80 5.26 -2.29 0.11

34.25 9.85 12.10 3.48 0.04 *

A6
G -8.07 0.50 -0.99 259.33 -16.10 0.00 **

208.83 10.65 384.53 19.61 0.00 **

A7
R 3.37 1.68 0.76 4.00 2.00 0.14

-21.11 22.69 0.87 -0.93 0.42

R2 R2 AIC n

0.488 0.415 1.523 145.43 17

A2 0.637 0.516 2.292 35.97 5

A6 0.981 0.977 1.945 42.01 7

A7 0.571 0.428 3.229 34.35 5

cm (m2 m3)
A2-1 2.5 7.04 0.18
A2-2 2 2.14 0.04
A2-3 12 11.24 1.35
A2-4 5 2.61 0.13
A2-5 10 7.31 0.73

A2 2.43
A6-1 10 6.62 0.66
A6-2 5 6.9 0.35
A6-3 20.5 7.73 1.58
A6-4 26.5 19.47 5.16
A6-5 6.5 5.05 0.33
A6-6 32.5 31.12 10.11
A6-7 35 31.5 11.03

A6 29.22
A7-1 15 8.7 1.31
A7-2 7.5 5.11 0.38
A7-3 15 11.66 1.75
A7-4 9 24.09 2.17
A7-5 13.5 16.49 2.23

A7 7.83
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A1 A6 : 15 30
A7 60
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G 5.64 2.15 2.62 6.88 2.62
B -5.53 1.81 -3.06 9.37 -3.06

10.57 17.15 0.38 0.62

A2
G -0.93 0.40 -0.80 5.26 -2.29

34.25 9.85 12.10 3.48

A6
G -8.07 0.50 -0.99 259.33 -16.10

208.83 10.65 384.53 19.61

A7
R 3.37 1.68 0.76 4.00 2.00

-21.11 22.69 0.87 -0.93

R2 R2 AIC n

0.488 0.415 1.523 145.43 17

A2 0.637 0.516 2.292 35.97 5

A6 0.981 0.977 1.945 42.01 7

A7 0.571 0.428 3.229 34.35 5

cm (m2

A2-1 2.5 7.04
A2-2 2 2.14
A2-3 12 11.24
A2-4 5 2.61
A2-5 10 7.31

A2
A6-1 10 6.62
A6-2 5 6.9
A6-3 20.5 7.73
A6-4 26.5 19.47
A6-5 6.5 5.05
A6-6 32.5 31.12
A6-7 35 31.5

A6
A7-1 15 8.7
A7-2 7.5 5.11
A7-3 15 11.66
A7-4 9 24.09
A7-5 13.5 16.49

A7
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