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Nitrogen Pollution of Groundwater in Coastal Vegetable Fields of Central Vietnam

Graduate School of Environmental and Life Science

1. Introduction
Groundwater pollution with nitrogen happens
in Hue, Vietnam. Agricultural wastewater N
and P concentrations are high in Kasaoka
land. These high

concentrations cause eutrophication.

reclaimed nutrient
We analyzed water and soil samples, and
interviewed farmers to determine pollution

sources.

2. Laboratory Course

We learned analytical techniques to conduct
studies in domestic and international courses.
2.1 Soil analysis

We learned analytical techniques of inorganic
N (NOs-N, NH4-N), Eh and DNA.
2.2 Water analysis

We learned analytical techniques of inorganic
N (NOs-N, NH4+-N), Z. coli and coliform in water.

3. Domestic Course: Observation of Inorganic
Nitrogen Concentration and Estimation Source
of Pollution by Microbial Activity in Kasaoka
Reclaimed Land
3.1 Background and Purpose

Kasaoka reclaimed land is used for agriculture.
Livestock farming and horticulture are carried
out in Kasaoka reclaimed land. The wastewater
of Kasaoka includes high nitrogen, phosphorus
and COD. Our laboratory continues monitoring
of water quality.
3.2 Study Area and Sampling

Kasaoka reclaimed land is divided into three

types (1) forage crop area, (2) livestock area, and
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(3) livestock and horticulture area. There are
branch drainage channels flowing in each area
center.

Kasaoka reclaimed land has a lot of milking
parlor wastewater. milking parlor wastewater
includes feces, urine, milk and detergent water.

The monitoring of the agriculture drainage has
been carried out since 2009. We sampled water
in three branch drainages (four spots for each),
main drainage (two spots). We analyzed samples
in the laboratory.

3.3 Results and Discussion

We show results in Figs.1 and 2. Nitrogen and
phosphorus concentration decreased from 2009
to 2012. And we show the result of £. coli and
coliform in Fig. 3. E. coli and coliform suggest
that water pollution occurred in farmland.
Because there is little number of existing £. coli
in nature. Sampling point 3-3 was the nearest to
a compost building.

3.4 Future Study

We cannot conclude that the recent quality of
the water was improved only by this analysis.
We need the data every season. We should
continue measuring #. coli, because it will be
useful for the estimate of the pollution source. It
interview farmers about

is necessary to

fertilization and the irrigation to farmhouses.

4. International Course: Coastal Vegetable
Fields of Hue in Vietnam

4.1 Background and Purpose

of

groundwater was high in coastal vegetable fields

Inorganic nitrogen concentration



in Hue. High NH4+-N was detected in Quang
Thanh commune research the past. On the other
hand, high NOs-N was detected in Phu Mau
commune.

Generally, groundwater pollution is caused
with NOs-N. The reason is N leaching from
farmland. When fertilizer and manure are
applied in farmland, NH4+-N included in them
would be adsorbed on the top soil. Then some of
them would change into NO3-N by nitrification.
NOs-N dissolves into water easily, so it would
leach

irrigation water.

into groundwater with rainfall and

Our study is based on a hypothesis that
leaching of NH4-N and NOs-N happens in
farmland. Our study purpose is to identify
effects of field management and geographical
factors on groundwater pollution in Hue.

4.2 Study Areas

We investigated in dry season (28 June-2 July
2016) and rainy season (19-24 November 2016).
Fertilizer management, groundwater quality,
groundwater level, redox potential in the soil,
and inorganic nitrogen in the soil were collected
and analyzed.

We decided 3 areas for the study in Hue.

(i) Safe and clean farms in Quang Thanh

These areas beside a river, but they are far from
residences. There is a regulation called” Viet
GAP” which is reduction pesticide and reduction
chemical fertilizer.

(ii) Conventional farms in Quang Thanh

These areas are near residences and there is no
regulation about crop management.

(iii) Conventional farms in Phu Mau

These farms are near residences and there is no
regulation about crop management.

Farmers grow vegetables and flowers.
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4.3 Results and Discussion
4.3.1 Fertilizer Management

Manure input was high in safe and clean farms
in Quang Thanh. Inorganic nitrogen input was
high in conventional farms in Phu Mau.
4.3.2 Groundwater Quality

Table 1 shows the groundwater quality. High
NH4-N was detected in safe and clean farms and
conventional farms in Quang Thanh. High NOs-
N was detected in conventional farms in Quang
Thanh and Phu Mau. High E. coli was detected
in conventional farms in Quang Thanh.
4.3.3 Groundwater Level

Table 2 shows the groundwater level. We can
know that every groundwater level in rainy
season was shallower than dry season.
Groundwater level in Safe and clean farms in
Quang Thanh’s were shallow constantly because
the river is near the fields.
4.3.4 Redox Potential in the Soil

This index is called “Eh” that show oxidative
and reductive conditions. Figs. 4, 5 and 6 show
the soil Eh. In dry season, deeper layer were low
Eh in safe and clean farms in Quang Thanh.
There is no change among 3 areas because
rainfall might provide oxygen with water to
surface to deeper layer in rainy season.
4.3.5 NHs-N in the Soil

Figs. 7, 8 and 9 show the soil NH4-N. N high in
the top layer varied greatly because of fertilizer
and manure applications. Deeper layers in safe
and clean farms in Quang Thanh contained high
NH4-N. The reason is a reductive condition in
deeper layer caused by shallow groundwater
level. NH4-N is stable under this environment.
4.3.6 NOs-N in the Soil

Figs. 10, 11 and 12 show the soil NO3-N. NOs-

N in the top layer varied greatly because it is



affected by fertilizer and manure. Deeper layer
in safe and clean farms in Quang Thanh
contained low NO3-N in particular. NOs-N
disappeared in deeper layer with denitrification
caused by reductive condition. On the other
hand, NO3-N content decreased gradually
towards deeper layer in conventional farms in
Quang Thanh and Phu Mau. Therefore NO3s-N
leaching happened there.
4.3.7 The Source of Nitrogen in the
Groundwater
We estimate nitrogen sources in these areas.
(i) Safe and clean farms in Quang Thanh
NH4-N was detected in groundwater. Farms are
far from the residences and Z. coli was not
detected. Therefore NH4-N source should be
fertilizer.
(ii) Conventional farms in Quang Thanh
NH4-N, NOs-N and Z. coli were detected in
groundwater. Farms are near residences.
Therefore NH4-N and NOs-N source should be
fertilizer. NH4-N and E£. coli source should be
wastewater from residences.
(iii) Conventional farms in Phu Mau
NOs-N was detected in groundwater. Farms are
near residences but E. coli mostly was not
detected. Therefore NOs3-N source should be
fertilizer.
4.4 Conclusion
The environment in deeper layer affects
nitrogen leaching and nitrogen forms. When
farmland and house are close to each other,
wastewater may have flowed into groundwater.
Further studies are necessary to identify the
main factor for the environmental problem,

agriculture or geographical conditions.
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Table 1 Groundwater quality

Commune Management Farmer

NH,-N (mg L™ NOs-N (mg L™ E.coli(CFUmL™)  Total coli (CFU mL™

June November June November June November June November

Dinh 2.6 3.0 04 0.0 0 0 34 0

Safe and
clean Hoa 1.6 1.0 0.5 0.0 0 0 >5000 0
Nam 1.4 1.3 0.0 0.0 0 0 1 0

Quang Thanh -

Minh 9.5 1.9 0.0 9.3 200 320 >5000 2010
Conventional  Sinh 2.3 0.0 0.0 10.5 0 18 130 123
Thinh 1.6 0.5 34.0 7.3 10 26 1410 118
Anh 0.0 0.5 479 46.6 0 0 32 56
PhuMau  Conventional Dung 0.0 0.1 4.0 20.0 0 0 410 27
Que 0.0 0.0 54 15 3 45

Table 2 Groundwater level

Groundwater tabl
Commune Management Farmer roundwater table (cm)

June November

Dinh 57 33
f
SZZ:n"d Hoa 49 31
Quang Thanh N?m 47 30
Minh - -
Conventional Sinh 99 87
Thinh 70 20
Anh 98 0
Phu Mau Conventional Anh2 194 4
Dung 70 27
Que 130 71
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Report on project practice

1. Introduction

I have been working on project internships
within the university, region, and international.
The purpose of this project practice is to know
the current situation and learn examples of
measure of urban problems in central urban
area. In region practice, I conducted literature
surveys and on-site surveys as surveys and
reports on urban problems in the Okayama
station exercise park entrance area, and created
and exhibited posters organizing the survey
I tackled

learning about population estimation method

results. In wuniversity practice,
and learning how to use GIS of statistical
analysis software, etc. for creating posters to
work on region practice. In international
practice, I went to Seoul, Korea, to learn
representative measures of urban problems in
central urban area. At the time of the wvisit, I
took a tour of the Cheonggyecheon and
conducted interviews with Seoul City Hall etc.
In this report, I report on the results of project

practice

2. University practice

In university practice, I worked on learning
about population estimation method and
learning how to use GIS of statistical analysis
software. In this chapter, I report the learning
outcomes of the population estimation method

mainly engaged in university practice.

(1) Population prediction

The estimated population in the future is
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generally calculated by adding the natural
change due to birth / death and the social
change due to transfers and transfers. In recent
years, research on population estimation
methods has been extensively conducted, and
research on population estimation methods at
town, which was supposed to be difficult to
estimate, is progressing gradually. Therefore,
we learned population estimation method in
town based on existing research in university
practice. Based on the learned population
estimation method, the population estimate is
actually calculated for each town by 2050, for
town belonging to Okayama city (excluding

town merged in Okayama city since 1995).

(2) Natural change

By multiplying the birth rate, the survival rate,
and the infant survival rate calculated from the
expressions (A) - (C) to the town population for
each cohort (5-year-old class), it is shown in the
formula (D) Calculate the closed population for
each cohort after five years.
(A)Birth rate

A4

r; : Birth rate
n; : Number of births
w; : Female population
from 15 to 49 years old
i 11995, 2000, 2005, 2010



(B)Infant survival rate

hi=1-2 (B)
n;
b; : Infant survival rate
k; : Number of infant death
n; : Number of births
i:1995, 2000, 2005, 2010
(C)Survival rate
d; 5
e; = (1 - h_) (C)

e; : Birth rate by 5 years old class
d; : Number of deaths

by 5 years old class
h; : Population by 5 years old class

i: 1995, 2000, 2005, 2010

(D)Closed population

Ciys =@ 1w b +58 - ji-e; (D)

Ciys - Closed population

r; : Birth rate

w; : Female population
from 15 to 49 years old
b; : Infant survival rate
h;
€
i:1995, 2000, 2005, 2010

a, B : Coefficient (0~4 years old : a=1, =0

: Population by 5 years old class
: Birth rate by 5 years old class

over 5 years old : a=0, f=1)
*The closed population c;,s from 2015 to 2050
is calculated by using the values of the

formulas (A) to (C) in 2010 for the formula (D)
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(3) Social change
The number of social change by 5-year class in
units of town chome before 2010 is calculated by
equation (E).
fi=hi—¢ (E)
fi : Social change by 5 years old class
h; : Population by 5-year-old class

¢; : Closed population by 5 years old class
i : 2000,2005,2010

On the other hand, as for the number of social
change by 5-year-old class after 2015, prediction
method in town unit is not established at this
stage. The reason for this is that considering the
social change among many urban areas for each
cohort, the amount of data becomes enormous
and the social change rate becomes unstable.
Therefore, the preceding study proposed a
method to solve the instability of social change
rate by consolidating the change of social
change per cohort of town by a factor analysis
by factor analysis. Factors calculated by factor
analysis are life stages like young people of
their 20s to 30s, factor load amounts are the
explanation amounts of life stages, factor scores
are the attractiveness of each town to each life
stage. Among them, attractiveness represents
the attractiveness of the city affected by traffic
scenes and the natural environment. Also,
future factor scores are calculated from the
vector autoregressive model (VAR model) which
is expressed by equation (F) using the factor

score calculated by factor analysis.

(Sj)i = al(sj)i_5 + a2(5j+1)i_5 + a3(sj+2)i_5

+ +an(5j+n)i—n (F)



(sj)i : factor score of life stage j
a, : Coefficient

i : intervals of 5 years from 2015 to 2050

In this VAR model, it is considered that the
attractiveness of the future is attributable to
the tendency of the attractiveness of the past,
and the migration of the population of a certain
life stage affects the movement of population of
other life stages.

Based on the above analytical method, the
number of social change by 5-year-old class in
units of town after 2015 was calculated by the
following methods (I) - (IV).

() Set the area to which the VAR model is
applied, and calculate the social increase /
decrease number of each town belonging to
the area in 2000, 2005 and 2010 by the
formula (E).

(I) Factor analysis is performed using the

social increase / decrease number
calculated in (I) to calculate factor scores
and factor load amounts for 2000 and 2005,
2010.

(ITI) Estimate factor scores at five-year intervals
from 2015 to 2050, using factor scores in
2000, 2005 and 2010 with the statistical
software EViews 9.

(IV) Using the factor score calculated in (II),
calculate the number of social change by
5-year-old class in units of town after 2015

according to formula (G).

fi = ()i (1) 2010 * S2010 + H2010 (¢

fi : Social change by 5 years old class
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(sj)i : Factor score for social change by

5-year-old class

(112010 : Factor loading after rotation of social

change by 5-year-old class in 2010

S,010 - Standard deviation of social change by
5-year-old class in 2010

U010 - Average value of social change by 5
years old class in 2010

i : Five year interval from 2015 to 2050

In addition, as a property of the VAR model,
only the social increase and decrease among the
town churches in the area to which the VAR
model is applied can be considered. Therefore,
the social change within and outside the VAR
model application area was calculated by the
formula (H).

Uiys = Ji "My (H)
U;4s : Social change of each town inside and
outside VAR model application area
h; : population by 5-year-old class
m; : Net transfer rate by 5-year class
in Okayama city and outside

i : Five year interval from 2015 to 2050

Using the population estimation method of (2),
3), it

belonging to Okayama city (excluding town

is actually targeting town chome
which merged with Okayama city since 1995) in
town unit until 2050 Population estimates were
made. After that, we created a population
pyramid (Figure 1) in elementary school district
in Okayama station exercise park entrance area

and Korakuen area which are target areas.
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Figure-1  population pyramid

3. Domestic practical achievement outcome
We conducted a literature survey and on-site
survey in addition to analysis using data for
target areas around JR Okayama station, we
clarified the actual situation, then announced
them collectively and posted the research
results to the area.

» Introduction

Many commercial facilities are located at
Okayama station Korakuen entrance, centering
on Aeon Mall Okayama which opened in
December 2014. Public transportation facilities
such as route buses, trams and circulation
buses are also full of bustling. On the other

hand,

entrance, transportation plaza was developed in

in Okayama station exercise park
2010, convenience such as high-speed bus ride
and taxi's round-trip construction was improved,
there are also parts improved compared to the
past. However, the image of the past that
in

commercial activity prospered mainly

Hokantyo shopping district has transformed
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Figure-2 State of Hokantyo shopping street

completely, many shops where shutters were
held even during the day, few pedestrians,
mostly elderly people occupy it. (Figure-2)
Currently, there are many problems that can
not be solved, such as an increase in vacant
houses, a reduction in pedestrian traffic, a
decline in commerce, a shortage of successors at
stores and so forth.

» Purpose of practical training

We aimed to clarify the actual situation by
showing quantitative data, to have it present a
sense of crisis by presenting it to the local
residents, and to have the opportunity to
consider the future of the region.

»  Project Outline

We carried out this research as part of
Okayama South Rotary Club Research Grant
Project entitled "Okayama Station Sports Park
Entrance Project". Half years of research
results were presented in a poster format
targeting participants of the symposium held as
"Okayama South Rotary Club 60th Anniversary
Project" at Miki Memorial Hall on December 18,
2016. ( Figure-3)

» Result of analysis

Analysis was conducted on population, traffic

volume on pedestrians, commercial and land



Figure-3 Poster presentation
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Figure—-4 Estimation of the future population

of the sports park entrance area

use. From those information, we focused on the
area of Hokantyo town, especially among the
the

transition from the past to the present. In

sports park entrance, and clarified
addition, I made a consideration from the
present to the future.

(1) Population

In addition to seeing the population trends
from the past to the present, we estimated the
future population. As a result of the analysis, it
became clear that the total population in 2050
for the sports park entrance area will be -13.4%
based on 2010. Among them, the proportion of
the population over the age of 60 is still high.
(Figure-4)
(2) Pedestrian traffic volume and commercial

Graphical representation of the transition
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Figure-5 Trends in traffic volume of pedestrians

in Hokantyo area
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Figure—6 Trends in the number of retail stores

and number of employees in Hokantyo area

from the 1980s to the recent years. As a result,
there was a rise part due to the opening of
AEON MALL Okayama, but compared with 20
years ago, the trend of declining commerce and
decreasing traffic volume of pedestrians was
shown quantitatively. (Figure-5,6)
(3) Land use

Using the Zenrin residential map, we visually
extracted information on building development,
destruction and utilization from 1974 to the
present centered on the area of Bonin town. By
dropping this information on the GIS detailed
map, it is also possible to show it as information
on area and site number. Since this time was
aimed at extracting information for supporting
the trend of the population and elderly

population, analysis was carried out mainly by
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Figure-7 Example of GIS detailed map with

information dropped

focusing on low unused areas (vacant lots,
parking lots) and condominium development.
As a result, where an increase in the population
is observed, the construction of large-scale
condominiums is underway, whereas, where
population declines are observed, an increase in
low unused land is observed. (Figure-7)

» Summary and suggestions

Based on the results of the analysis, it is
possible to quantitatively show that various
problems such as population decrease and
commercial decline become conspicuous at the
Okayama station exercise park entrance to the
Okayama station Korakuen mouth area which
develops with the opening of large-scale
commercial facilities. By presenting these
results to local residents, we were able to
increase interest in the future of the region even
a little. First of all, we start collecting
information about familiar areas, "starting to
know", "thinking" about ourselves, then actively
engage in community activities and community
development "act". Through these three stages,
we suggested recommendation of "community

participation type of community development"

where the residents take the initiative to realize

39

the town i1dealized with the administration as

the subject.

4. International achievement outcome

In the international field, I went to Seoul City
in Korea and conducted a practical training.
The inspection period is 3 days from November
30 (Wednesday) 2016 to December 2 (Fri). We
conducted interview surveys on public

BRT)

Cheonggyecheon restoration work at Seongle

transportation (mainly and
River, Seoul Station, on-site tour of the use of
public transportation, Seoul Institute and Seoul
City Hall. Also, I grasp the fundamental things
about Cheonggyecheon and BRT beforehand
and I began to practice.
(1) Field survey
(a) Cheonggyecheon

I actually walked around the Cheonggyecheon
River and its surroundings and saw the present
situation. Cheonggyecheon flowing through the
center of Seoul (Fig. 9) was covered and the
highway was built between 1958 and 1984 in
order to solve the hygiene and traffic problems.
However, it was restored by the Cheonggye
River regeneration project from 2003 to 2005
due to the aging of highways and regaining the
history and culture of Seoul. It is popular now
as a place for relaxation and sightseeing spots of
citizens. Due to the creation of a space friendly
to water by the maintenance of walking paths
and the installation of plazas, stepping stones,
fountains, etc. (Fig. 10), various designs and
bridges and wall arts are provided It is easy for
people of the age group to use it. In restoration,
we are dealing with floods by digging down the
water depth and widening the river width. On

both sides of the river, well-maintained roads



and commercial facilities are lined up (Fig. 11).
When I actually walked, when I was walking
down the river, I could see the problem that the
road could not be seen and the landscape was
protected but I could not see where I was
walking.

(2)Public Transportation

I visited Seoul Station (Fig. 12), which is a

Figure—9 The current Cheonggyecheon River

Figure—=10 A well-organized walkwa

P

Commercial facilities located on

Figure—11

hath sides of the river
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transportation node, and actually took a public
transportation system. The center of public
transportation in the city is the subway and the
route bus, which makes it easier to connect by a
common traffic card (Fig. 13). In this visit, we
focused on the BRT, which is a bus system with
high-order functions that can secure express
fixed-time and  increase

and system

transportation capacity among public
transportation facilities. The bus (Fig. 14) runs
in the center of the city lane, and the bus station
is also installed at the center (Fig. 15). As a
result, improvements in expressability that
general passersby and boarding passengers are
not affected by separation and congestion are
realized. There were many buses, and it seemed
that Seoul Station which is the transportation
(Fig. 16).

Moreover, functional separation is clarified by

node pointed to several buses

Figure—-13

Common transportation card



Figure—16 Bus station in front of Seoul station

the color coding of the car body, and it is

possible to divide it by destination.

(2) Discovery survey
(a)Seoul Institute
The Seoul Institute, the first hearing site,

talked about the revision of public

4

transportation in Seoul. Looking at the current
traffic share rate, public transportation exceeds
the share of cars. However, in the 1980's and
1990's, low-quality bus service was performed
by multiple operators. So, Seoul City made a
massive review of the public transportation
system. Revision of the relationship between
the administration and the private sector,
of the

including color classification of the bus type and

change investment amount, etc.,
maintenance of the driving lane as mentioned
above was done. As a result, the convenience is
improved, and the use of public transport has
increased.

(b)Seoul City Hall

At Seoul City Hall, the second hearing site, we
conducted hearings on  Seoul's public
transportation and Cheonggyecheon restoration
work. In Seoul's public transport policy, it is
considered to be the most important to lower
the usage fee. In addition, public transportation
is investing 20 billion yen annually and policies
for the welfare of citizens are being carried out.
However, citizens who use public transport are
agreeing with this investment, but those who
use only cars are dissatisfied with paying money.
Also, there is a port of a rental cycle near the
station, cooperation of bus - subway, rental cycle
is being done.

Regarding the Cheonggyecheon river, I heard
about the situation after restoration work and
construction. Commercial and transport
problems were taken up as problems during
restoration work. Before construction, there
60,000

Cheonggyecheon, and about 1,500 stall vendors.

were about shops around

After construction, many shops moved to the

garden park which the city planned and made,



and the stall vendors emigrated behind
Dongdaemun near the Cheonggyecheon. Also,
due to removal of the expressway, traffic
measures such as advance traffic guidance,
monetary investment, crackdown on parking etc
were carried out. Currently, Cheonggyecheon is
monitoring for 24 hours by Seoul City for safety.
Environmental management is considered to be
of utmost importance, and three times of
cleaning and level management of water quality
are done every year to prevent malodor. After
the restoration work, the rise in land prices, an
increase in the number of visitors and sales, etc.
occurred, which led to the revitalization of

Cheonggyecheon.
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ARIREE « T AERME L Y BAET BKRBOREEANTICET 5HE

Study on mercury removal technology from coal combustion flue
gas and coal gasification gas

Md. Azhar Uddin, Professor, Institute of Global Human Resources Development,

Coal-fired power plants have been considered to be the primary anthropogenic source
of mercury into the atmosphere. For example, these account for about one-third of all
anthropogenic mercury emissions in the USA. In China, mercury emission from
nonferrous metals smelting, coal combustion, and miscellaneous activities contributed
about 45 %, 38 %, and 17 %, respectively. Mercury contamination is widespread in
different ecological compartments such as atmosphere, soil, and water. Mercury is a

global pollutant. The research on mercury in grrssessensnsaennns

. . i Hg
America and Europe has been widely conducted. I Coal-fired
Anthropogenic emissions of mercury still increase in : power plant
Asia because of increased burning of coal and e p
increased industrialization. Mercury is considered a H —_— —— )
P— - S
dangerous heavy metal to both humans and the
Plankton  Small fish Bigger fish

ecosystem because it is highly toxic to the central
Food chain

nervous system and it tends to bio-accumulate in the Bioaccumulation of Hg

human body.
Fig.1 Bio-accumulation of mercury.

Coal-fired power plants are one of the main sources of mercury emission to the
environment. As a consequence, legislative bodies both in Europe and the USA are
considering the reduction of mercury emissions from coal-fired power plants an
important priority. According to a ruling announced in the USA, mercury emissions from
utility boilers must be reduced to a final cap of 15 ton/year by 2018, equivalent to nearly
70 % reduction.

Many researches have been done about removing mercury from coal combustion flue
gases by adsorbents. Activated carbon (AC) is one of the adsorbents wildly studied. It
was reported that AC modified by sulfur (S), chlorine (Cl), iodine (I), and bromine (Br)

could efficiently improve the removal capability of AC

The main purpose of this course is to nurture talented students in Okayama
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University who can exercise leadership internationally towards the environmental
regeneration of Asia" and it is planned to achieve through practice/exercise a research
topic in two stages: In-campus Course and Domestic Course, and International Course.
The main theme of this study is “Study on mercury removal technology from coal
combustion flue gas and coal gasification gas”. Two master course students from the
Department of Material and Energy Science, Graduate School of Environmental and Life
Science of Okayama University have participated in this study. Details of the students’

activities in this course are described in this report.

e International Course

More than 50 percent of emission of elemental mercury into the atmosphere occurs in
China. In the International Course, the students visited Hangzhou Dianzi University
and Zhejiang University in Hangzhou, China. In Hangzhou Dianzi University, they
visited Professor Shengji Wu'‘s laboratory and performed Mercury removal experiment
using simulated coal combustion flue gas with the students of Professor Shengji Wu. In
Zhejiang University, they visited the facilities for mercury removal experiments in the
Department of Energy Engineering. During their visit to Hangzhou Dianzi University
and Zhejiang University, the wvisiting students talked to the faculty members,
undergraduate and undergraduate students of both universities about their research as

well as about Chinese and Japanese cultures in English.

¢ In-campus and Domestic Course

In in-campus and Domestic Course, the students conducted the mercury removal
experiments with coal gasification fuel gas using iron oxide and iron sulfide sorbents
experiments at the laboratory of Environmental Reaction Engineering Laboratory at
Okayama University. In these experiments the students learned about the method of
removal of mercury from coal gasification fuel gas. Here, the students gained experiences
in wide range of experimental techniques and analytical procedures (gas and solid

analyses) for mercury removal technologies.

Final Remarks

This program provided the students some unique opportunities to gain hand-on
experiences in learning some useful techniques for the removal of mercury from coal
combustion flue gas in Hangzhou, China and from coal gasification fuel gas in Okayama,
Japan in the international and in-campus and domestic courses. Furthermore, the
students have improved their ability to communicate in English in an international
atmosphere. These experiences will add immeasurable benefits to the students in

building their future career and leadership both domestically and internationally.
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Project report

Study on mercury removal technology from coal combustion flue gas and coal gasification gas

1. Introduction

Coal is used in iron manufacturing, thermal power

generation, and as a raw material for chemical industries.

At present, China produce and consume most of the
world’s coal. It is about half of the whole world’s coal
production and consumption. In China, coal is mainly
used in the thermal power generation. In 2011, nearly
80% of public power was produced from coal. Also, the
amount of power generation from coal is increasing
year-by-year. So, it is considered that coal is very
important for daily life and industry in China.

On the other hand, integrated coal gasification
combined cycle (IGCC) is focused on in Japan. IGCC is
one of the power generation technology that turns the
turbines with coal gasification gas and used coal
gasification gas is burned and used as turning the
turbines. IGCC is superior to efficiency of power
generation and it can reduce the emission of CO,, SOy,
NOy, and fly ash. In addition, IGCC can use law ash
melting point coal that difficult to use in the case of
traditional thermal power generations.

However, the mercury included the coal are emitted
to the atmosphere by using coal as thermal power
generation, and absorbed in the sea water. In the sea,
mercury is accumulated in the body of marine organism
such as plankton. Inorganic mercury is converted into
organic mercury by the action of bacteria. The mercury
contaminated plankton eaten by fish and enter our food
chain. If humans consume those fish, mercury harm on
human body and causes many health hazards.

Several formations of mercury emitted by thermal
power generation are known; mercury oxide, particulate
mercury, and metallic mercury. Former two kinds of
mercury are able to remove using existing equipment,
however metallic mercury is difficult to remove using

present technologies. In this project execution, we
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aimed the development of the sorbent suitable for
metallic mercury removal and investigate on mercury
removal technologies. We prepared and evaluated the
sorbent and performed the mercury removal
experiments under coal combustion flue gas or coal

gasification gas.

2. International level
2.1 Hangzhou Dianji University

We visited Hangzhou Dianji University in Hangzhou
City, China. We visited Professor Shengji Wu‘s
laboratory and communicated with the teachers and
students of the laboratory. We also performed mercury
removal experiment from coal combustion flue gas and
attended the invited lecture of Prof. Azhar Uddin.

2.2 Mercury removal experiment from coal
combustion flue gas
2.2.1 Experimental methods

The Fe-loading active carbon sorbent was prepared
by Prof. Wu’s laboratory. The active carbon was
prepared from phenol resin. The characterization of
prepared sorbent was used by X-ray diffraction (XRD)
and X-ray photoelectron spectroscopy (XPS).

The mercury removal experiment was performed by
using a fixed bed reactor with 0.125 cc of sorbent
(Figure. 1). In this experiment, the simulated coal
combustion flue gas was used. Total flow rate was
controlled at 500 cc-STP/min and gas composition was
Hg: 5.0ppb, Oz: 5%, CO2: 10%, SO,: 500ppm and total
flow rate was balanced with N. The experiment was
carried out at 180 °C for 3 h, gas space velocity was
2.4x10° h'Y. The concentration of inlet and outlet
mercury was measured using atomic absorption

spectrometer.
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Figure 1 Schematic of mercury removal experimental
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equipment (Prof. Wu’s lab)

2.2.2 Results

Before the mercury removal experiment, sorbent was
characterized using XRD and XPS in Prof. Wu’s
laboratory. According to the results of XRD and XPS, it
was suggested that Fe state on active carbon was Fe;Os
and FeS;.

Figure. 2 shows the results of mercury removal ratio
from coal combustion flue gas at 180 °C for 3 h. The
sorbent showed good mercury removal performance, its
average ratio was 73.5%. Also, the removal ratio was

stable during experiment.
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Figure 2 Mercury removal ratio from coal

combustion flue gas against time

2.3 Zhejiang University

We visited Zhejiang University in Hangzhou City,
China and obseived the facilities for mercury removal
experiments and attended the invited lecture of Prof.
Azhar Uddin.

3. In campus and domestic level

We performed mercury removal experiments with
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coal gasification gas at Okayama University.

3.1 Experimental methods
3.1.1 Sorbent Preparation
Two different sorbent, Fe.O3 and FeS were prepared.
Fe O3 was prepared using co-precipitation method.
FeSO4 + 7H,0 and FeCls -

added to NaOH aqueous solution and stirred. The

6H,0 aqueous solution were

solution was decanted several times until the pH
reached a value of 7. The solid obtained was filtered and
washed with deionized water, and then dried at 70 °C,
overnight and calcined at 500 °C for 1 h. After that, the
solid was sieved with the average granular size of 1 mm.

FeS was prepared from this Fe.O3 by reduction and
sulfidation under H,S and water vapor flow, at a ramp
rate of 10 °C/min, 800 °C, 6 h.

3.1.2 Characterization

The crystal structure of prepared sorbent was used by
X-ray diffraction (XRD) patterns by a RINT2100
(RIGAKU). The specific surface area was measured
(Gemini2375,
Shimadzu). For comparison, commercially available

using a Nz-adsorption analyzer

FeS (Wako chemicals) was measured similarly.

3.1.3 Evaluation of sorbent

The mercury removal experiment was performed by
using a fixed bed reactor with 0.125 cc of sorbent
(Figure. 3).

gasification gas was used. Total flow rate was controlled

In this experiment, the simulated coal

at 500 cc-STP/min and gas composition was Hg: 5.0ppb,
Hy: 20%, CO: 30%, H.S: 400ppm, H20O: 7.5%, HCI:
50ppm and total flow rate was balanced with Nz. The
experiment was carried out at 150 °C for 3 h, gas space
velocity was 2.4x10° h't. The concentration of inlet and
outlet mercury was measured using atomic absorption

spectrometer.



Figure 3 Schematic of mercury removal experimental
equipment (Okayama University)

3.2 Results
3.2.1 Characterization of the sorbents

Figure.4 shows the XRD patterns of the fresh sorbent
and commercially available FeS. In the case of Fe,0s,
only Fe;Os diffraction peaks were observed. In FeS,
Fe 03 diffraction peaks were absent and FeS diffraction
peaks were observed. Thus, Fe;O3 was changed to FeS

by the reduction and sulfidation.
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Figure 4 XRD patterns of sorbents

Table 1  Specific surface area of the sorbents

Sorbent Specific surface area (m?/g)
Fe, O3 14.4
FeS 0.7

The result of specific surface area was summarized in
Table 1. Compere to Fe;O3 and FeS, it was suggested
that the specific surface area was decreased after the

reduction and sulfidation.
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3.2.2 Mercury removal experiment

The mercury removal performances of the sorbent
were measured at 150 °C for 3 h. Figure. 5 showed the
change of mercury removal ratio against time and Table
2 showed the average mercury removal ratio of sorbents.
Compered to presence and absence of H,S in the case of
Fe, 03, the average removal ratio was 52.7% in the
presence of H,S, however it drastically decreased in the
absence of HjS. This result suggested that sulfur is
effective to mercury removal. However, in the case of
Fe,O3 and FeS, FeS showed

low removal ratio

compared to Fe,O3 despite presence of sulfur.
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Figure 5 Mercury removal ratio from coal

gasification gas against time

Table 2 Average mercury removal ratio

. Average Hg removal
Condition and sorbent

ratio (%)
Presence of H,S, Fe 03 52.7
Absence of H;S, Fe;0O3 5.1
FeS 12.6

3.3 Discussion

From the results of experiment, the mechanism of
mercury removal was considered. In the case of Fe;Os,
sulfur is adhered to Fe,O3 from H,S, and then mercury
is adsorbed with sulfur on Fe,O3 to become HgS and

adhered to Fe,O3 surface. On the other hand, in the case



of FeS, sulfur is in the sorbent, but because of very low
specific surface area of FeS, mercury in contact with the
removing agent is small, so the removal rate was

considered to be low.

4. Conclusions
The study in Okayama University is mercury removal

from coal gasification gas with different sorbent. The

followings results were obtained.

® Mercury removal ratio with Fe;O3 was 52.7%.
However, in non-H,S condition mercury removal
ratio with Fe,O3 was 5.1%.

® Sulfur was found to be necessary for mercury
removal.

® Mercury removal ratio with FeS was 12.6%. The
reason for low mercury removal ratio was
considered to be that the specific surface area of

FeS was small.
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Project Practices

Study on mercury removal technology for coal combustion flue gas and coal gasification gas

1. Introduction

Coal is used in iron manufacturing, thermal
power generation, and as raw materials for
chemical industries. At present, China consume
most of the world’s coal. It is about half of the
whole world’s coal comsumption. The main coal
used in China is thermal power generation. In
2011, about 80% of public power was produced
from coal. Also, the amount of power generation
from coal is increasing year-by-year. So, it is
considered that coal is very important for daily
life and industry in China. On the other hand,
coal gasification combined cycle power
generation (IGCC, integrated coal gasification
combined cycle) is attracting attention in Japan.
This is a technology to generate electricity by
turning the turbine once by turning the turbine
through gasified gas of coal and burning other
used gas. The advantage of the IGCC is that it
has good power generation efficiency, COz2, SOx,
NOx,
occurred. Also, it is difficult to use conventional

it

Reduction of dust emission amount

thermal power generation, and is also
advantageous that low ash melting point coal
can be used.

Mercury (Hg) is emitted to the atmosphere from
coal-fired power plant, and absorbed in the sea
water. . Inorganic mercury is converted into
organic mercury by the action of bacteria and
concentrated by the food chain of marine life. It
is known that when mercury is taken into the
human body by ingestion of such fish and

shellfish, severe health damage such as nervous
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system disorder is caused.

There are three forms of mercury in combustion
flue gases: elemental mercury, oxidized mercury,
and particle-bound mercury. Oxidized mercury
and particle-bound mercury can be removed by
currently available air pollution control devices.
However, it is very difficult to remove elemental
mercury using currently devices. Our purpose of
this study is to develop sorbents with high
mercury removal performance and repeatability
and durability. A sorbent was prepared,
mercury removal experiments were carried out

in coal combustion flue gas or coal gasification

gas.

2. International level
2.1.Visit to Hangzhou Dianzi University (HDU)
2.1.1. Exchanged information and opinion
with the teachers and students
We visited Hangzhou Dianzi University in
Hangzhou City, Zhejiang Province, China. At
University, we visited
Wu's

and

Hangzhou Dianzi

Professor  Shengji laboratory and

exchanged opinions information with
teachers and students. We performed Hg
removal experiment under coal combustion flue
gas. We attended the Invited lecture of Prof.
Azhar Uddin.

2.1.2. Hg removal experiment

As the sorbent, Fe-supported active carbon
prepared in Prof. Shengji Wu's laboratory was
used. Activated carbon is prepared from a

phenol resin as a raw material. The sorbent was



measured by X-ray diffraction (XRD) and X-ray
photoelectron spectroscopy (XPS).

The Hg removal experiment was carried out in a
flow-type reactor (Fig. 1). In this experiment,
simulated coal combustion flue gas was used for
Hg removal. So, in reactor Hg, Oz, CO2, SOz and
N2 were flowed. Total flow rate was 500
cc-STP/min. The sorbent was 0.125 cc, the space
velocity was 2.4 x 105 h'l, The temperature
with reactor was 180 °C, and the reaction time
was 3 h. Hg concentration was analyzed with
atomic absorption photometer. Hg removal ratio
was calculated from the difference between the
concentrations when passing through the

bypass and when passing through the reaction

tube containing a sorbent

«hp«a ure
Water controller
Actnate cabon

H:0; aquecus sofutic

Fig.1. A schematic diagram of the Mercury

removal experiment (China)

2.1.3. Result and discussion
Wu'‘s laboratory, the
sorbent was characterized by XRD and XPS. As

In Professor Shengji

a result, it was showed that Fe species were
Fe20s3 and FeSs.

Results of Hg removal experiment using this
sorbent are shown in Fig.2. The average Hg
removal rate was a very high. Average Hg
removal ratio was 73.5%. The removal rate was

stable during the reaction time.
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Fig.2. The Hg removal ratio of the Fe supported
AC (combustion flue gas)

2.2.Visit to Zhejiang University

We visited Zhejiang University in Hangzhou
City and visited the mercury removal facility.
We also attended the Invited lecture of Prof.
Azhar Uddin.

3. In-campus and domestic level
3.1.Experimental

3.1.1. Sorbent preparation

The Fe20s3
coprecipitation method. First,
solution of the metal salts FeSO4-7H20 and
FeCl3-6H20 was added to the NaOH, and the
mixture was stirred and decantation was
carried out until pH = 7. Thereafter, it
filtered and dried at 70 °C overnight and
calcined at 500 °C for 1 h. Thereafter, the

sorbent was prepared by

an aqueous

average particle diameter was adjusted to 1 mm.
The FeS sorbent was prepared from this Fe20s3
under HsS, He, steam atmosphere at a heating
rate of 10 °C/min and 800 °C for 6 h and
subjecting reduction and sulfurization.

The crystal structure of the sorbent was
measured by X-ray diffraction (XRD). The
specific surface area was measured by N2
adsorption BET method (Gemini 2375,
SHIMAZDU).

3.1.2. Hg removal experiment

Experiments were carried out in a flow-type



reactor (Fig.3). The gas used in the experiment
was a simulated mixed gas of the same
components as the coal gasification gas, and the
total flow rate was 500 cc-STP/min. The
composition of the gas was Hg: 5.0 ppb, Ha: 20%,
CO: 30%, H2S: 400 ppm, H20: 7.5%, HCI: 50
ppm, N2: balance. The reaction temperature
was 150 °C. The other conditions are the same

as experiment done in China.
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Fig.3. A schematic diagram of the Mercury

removal experiment (Okayama)

3.2.Results and discussion

The XRD pattern of sorbent is shown (Fig.4). In
the XRD pattern of Fe20s sorbent, only the
peaks of Fe203 were observed. The peaks of FeS
were observed in sulfurized sample. However,
no peak of Fe2O3 was observed. From this result,

Fe203 was changed to FeS by reduction and

sulfurization.
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Fig.4. The XRD pattern of sorbent

The specific surface areas were compared (Table
1), the specific surface area in Fe203 was 14.4

m2/g, and it decreased to 0.7 m?2/g in FeS

HC1 aqueocus solution
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prepared by reduction and sulfurization.

Table 1 The Specific surface area of sorbent

Specific surface area

(m?/g)
Fe,O3 14.4
FeS 0.7

Fig.5 show results of Hg removal experiment,
and an average Hg removal rate is shown in
Table 2. Average Hg removal ratio with Fe20s3
was 52.7% in the presence of H2S. However,
with absence of H2S, Hg removal ratio with
Fe203 was 5.1%. This result suggests that sulfur
is effective for mercury removal. I thought that
Hg removal ratio with FeS would be higher
than Hg removal ratio with Fe2Os. However, the
average Hg removal ratio was 12.6% with FeS.

From the results of experiment, the Hg removal
mechanism was discussed. In the case of the
Fez03 sorbent, sulfur (S) is adhered to Fe203
from HsS, and then Hg is adsorbed with sulfur
to become HgS, which is considered to have
adhered to the sorbent. In the case of FeS,
Because of very low specific surface area of FeS,
the amount of Hg in contact with the sorbent is

small, so the removal rate was considerably low.
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Fig.5. The Hg removal ratio of Fe2Os and FeS

(coal gasification gas)



Table 2 Average Hg removal ratio of sorbent

Average Hg removal

ratio (%)
Presence of H,S, Fe,O3 52.7
Absence of H,S, Fe;O3 5.1
FeS 12.6

4. Conclusions

For In-campus study of mercury removal at

Okayama University, the followings results

were obtained:

® Mercury removal ratio with Fe20s was
52.7%. However, in the absence of H2S
mercury removal ratio was 5.1%.

® Therefore, presence of sulfur was found to
be effective for mercury removal.

® Mercury removal ratio with FeS was 12.6%.
The reason for low mercury removal ratio
was considered to be due to the low specific

surface area of FeS.

59



60



Bl EFEA ML EHIELT

BERBRFERRRE LM A FREE
i BRfEsE

TuYx7 MEEORE, Bx OHIRF v 2 SATITDR TN D/ A~ ZADOHEE
LICHEREYTH 2 LI Uiz, BILRZZEDF v o2& f L, £< ORESCHE &
ZTCND T linh, SERCONE, BENODOETH, BENPLOBR 7R E, flxo
SA Y AR SN TV D, RS ZAMIENT 1 SOFEL LTar KA b
oD, MIILKFTIIEGORG TIRERIC AR FEEo TV, LinL, K¥ETH
LT DA A~ ABEEDOT N TRAENFIH SN TOLRTIZAR,

TYT OEE TR, FEIHOIFE A E TR EITHDI T TN D, FEIHOH
TEIHOED ZEETHEDNENLL LT, ZROFAGETHRL, FIlsns 2k
728, —J. BAE T AR R MIEAIThR T\, EIC & - Tt FHEZHIC
DNWTHETHEGT TED D00 D WIS TR LT, 2R A haEL T
Do FVRA MIFFBRREE Z BB LT JERE EETIESE S A2 R 5 52070
FERETHD,
~ L=V T TRRED Lee #fZid, RETRETONA AT AZ I LIRA MRS R
ATV, REDRA ZAHEA~DOERRIZ OV THER 21T > TV D, v L— 37 TRKEZIA
RigFx o " 22A L, BHTLHEBNTOZ S ORLNEE L DA A~ ZAFERRDDFLE
5, iz, MILKRZED 2FOFE - EBEZ AT L5720, REIABEZEICHHENT
W5, Lee #iZIL LCAWIFET, T O DBEEM ZNGH~EL TS THL b, %
Y UNANT R A MET 205758, IRENRAT AR 2 2 MHIRO L THHTH L Z
LRl
2T, Tuv=s bEE (EE) TiE, UTM 7 =4 FTITbRTn 523 4+ 2
BEFEW D =1 R A MEIZOWTHHE L, ZNZILRTFF v /S AD A A~ ABEFEY)
FREODEZHIZEM TE LN EIPEEETH L2 AFEL L, ThEBEEMTTT Y
=7 MEEO (FR) L M) 2RETLI LT

P, TeY=s bEE (FRN) TR BIE, IFREETHESEAL TO DS RFEF v o8
ANA T~ ZABEFY O 2 VB A NEREFE OB T, 2V AR MEREGEZRELLY
MR ORTLEE, AL EZFinoTc, ZHUTED U AR FPGFRMEMEIC LD
W DIEEOE T, BRBEDPME L RD I DITERITMAA 2RI 2 0ERHLH 2 & RS
FE EOREEN) B RIE T E DI DICRIAA T B — L TRBEE > TN D Z LB T &
eSS, Fo, EBRCEEWER T, b2 LT, BIZOEKENERETELZ L
ERELCENTERED,

61



WIZ, ey FEE M) TIE MILHRE 2 U -t 2 =TT 9 THMEAL
FEICBIN LTz, FEZHEF 7Y 7 LT, BE L, BEIEMHR S &S < 48
L. EEXIINLIEEETT T, £To. THMEOILFESITHERROEN T EZEH N, BT
IHTEDL LD oTc, ZHITED, —KBEEME L TR SN DO HEZ HOHIZ, B
WHENEOBREGENIDERET S Z N TE R, BERTIX. Tha b LicHilits
KCEIINEZED D & (T b OBFEEMNEE VEFLTX 20 &5 Lz, FEERICITbE
HENTWDEHEN EOREDERDN), TOBRDEZE I ZFETELLLES, 22,
O, FEHEMERSLTEDAY v T AT » MIOWTEZEZHESHTHEHLADL LR
W,

Kttiz, 7avzs NEE (HE) TE, L=y 7 - Vakh—oliibhbibvb—v
T IRRZICHIE LT, RENDZF A vy X (Scholar’ s Inn) (ZfEHL, Fv /3%
WOz RA ML a0 RA MRS U CEBRICHEYREIZTE) LTV 5 2 FOLO %
Tz, Fx¥ L /NAND KRR MG TIE, Dr. Lee D KFPi 54 Lim & A, Wong S A
MHEFECHHAEZZ T, BIERMEBERICEST 4 AN v v a V THERBRBIMIHENR TE
oo FTo, HEIZRE ST, KFFRFPAD LCAMEO T LBy T—va v ZHNETHH
VN TRERR T AP R R ORE R AER L EICon TR 22T 72, [WILKRT
EUTM CTa AR NOBRGEFIEICEWRH D Z LA TS,

WIZ, % FOLO @2 AR A MG L kET 4 A7 Lz, FOLO o4 —F—i%
RETEEIIRNT, VAR T URBRTIVRBENS AL A~ ABEENEHLINEL, Thb
B RA MLEE L CE- 2 HEIR & TR S T L BHIRBEIEY & 6l S & CTE- T2k
JEZ FHWT, ZREOB A AEFE L T, 50°CLL Lo @i A RRF MR L7 2SRk L
TR HEIR | BERMEREE S TR A 2 X, OB~ L— T O LR IEKA L
BIZWET L2 ENTE, ZREEIEL TE o2 R, LFIERCREELZ 5 X THEo 7
FRID HRKROEFERICTR BRI E, TOF—FT—ITHHF L., Z D7
IREFSE I oo T,

ETHl-> CHARDBEEYUIIZE D 1ZAH I 0 21E L A ETRTOAEMILZ AEEHFE T
BEHISILTWD, o, HRIZZABHOBEEZRATEDIEA I 0?2 ol IV HRA A
2 URE D AT I H2EE L, BALRTHER 620 D120 2 BHT 5 L9
WZLTUEESTEAID? » « ZOX I REMMMBENTINE, Zo7red=2 FoHIES
BRI SN B D,

R LT CIEEAE, MR > AR A M Z2RBRIICIER LT b X 91, FEDOEZHOWR
B - T D, MILKRFES v R 22BWTH, BRI & 3~ THMT
ICRFET 20T, ¥ VXA TEFYLTE 2 b DId7e 5 < EFYL L CHREFEDHEH
BEWOT LW FHNEETH DL, BIEFAET, Ty ey NEETH LN
BRND . HARDIEBRMHEESDIED FIZOWTEHMMN TEX IO TIIRWNEEZ 5,

62



S PR
i RE R AETE A X A V&2 R LT

BRIEEA MBI EITER 48428301 /NVAEE AL
48428307 &Il FrE

FI=bOFEEOBNIZ, T2V FRAREEF, EOXIRb0RO0EHERTHE, L
TEBICHKBRT 22 2BL T, TORAMEFSEZ L] L L, E#EITo7,
fiame LR BIE ML CTa R A N &2ITH 2 L oS ME R Lz, LUFIC, F,
g, EREOTRBNEIC OV CREHRT 5,

[ (EILRE BEX v 32R)]

FAT=HOBEEICIE, WILKFENDDRAET DA A~ ABEFED TS Lica R R
MERIZEIT 2904 1T > TV D A X —=0R0 5, EOIFFETIX, < DA A~ ZABEFEY
ML SNTHWLHERE 2 RRA P2 E LIz T2l L, T D 5 284
RLHEEVWHIARTH D, AL FLT=BlE, ZD A L —OWFEIEEI O —FIZSMT 5 2 & T,
AVRA MO ERD TV oz, £ L TFERNDOIEENE LT, Al blid, 2 KRR FOfE
BB IOZOFENNE, E5ICa AR MEANTEL D0 BOXEY 217572,

A RA NOERDTZD, MILKRFES X v o SANTRAELZEDE (K 1), Fxy
VORANOEENSHHENTZ B A (K 2), FF v 7S ANO B THRAE LT BIEY
TH (K3), ELTRHFY /SANDE/NENOIHAELLEE (K1) ZINELT,

YRR R ANTEL 72D BOX 1L, RIREDOH 23R Y 2AF L2 HnT, 1Bk
L7ce ZAUTIREN TN EJREIOSRPHEE T, Ba vy RmA RBRHKRNZ ERB DT
D THD, £ BOX O LfIZIT@R N &% T, FERICHRHAZRITH 2 & TERQDOH
AORTELELHI LTS (K5),

VAR A OB, iR U7 JFRIOIE D, MEEEEEICIERR Lz R A b (FEHERE) &
AW, Zhn EAKRERE STy BAN, BEPEE AW TR IS5 2 & THIREE KD
NN RR DHRHDO 2 R A FEERR LT, B LT a vy R A FOFEEZX 6 [2RT,

1. JFEBHZ AW EE X v o S AN THRAE LT- K HIE,

63



2. JFUBHZ WIS % v N ZANO RN P SN2 BET Z 2.

3. FBRHZ W E X v L 7S AN O LG U T= 2B = .

64



4. JFEHZH W E X v VX ANDO E/NETHRA LT B

5. FfuAR Y ZAF L oo a L RA S BOX (£ 4VEL 45 NER) .

65



6. s Lz RA B,

66



(g (LT RHE7V—rtr&—)]

L2 BbOWFEE T, 4 2 [\, MILTHORE Z A OMRFHEZIT> TW\Wd, A, Ak
bid, ZOREICSMT 52 & T, MILTTOFEEN LY S LD ZHDMM B LU, NA
~ A H RO BEIEY O E OHPEHEICHOW T O ATED TWh o 7=, F L THUOTES)
E LT, A= bik, MU OREZAMHERS X OZFOEE, 7o, XM A~ AFEFEYE
DHEFZAT o 72,

CHHMRHAE L, FMILTTNO R UV —r kv X =TT o7, THE Y MNICH D ZHIE
DOFMPE—fE 7 L—THATH LW, FFEDLFTIIZ T LTH bole, ZORED ZHIE
DOH G 5L, 10L, 20L, 30L, 45L O ZAKEEZEi, Y BTz, KE#&MIZ, 5L 4%
3fH. 10L 4% 5 M, 20L 4% 6 1, 30L 4% 6 fE, 45L 42 5, G5 25 {H D Z A48 4 MLk A
WZHWE (7).,

SBIOFE T, FEZHADO ZTHBOFICEETN TNV ZAFEN OEEE S %X 8 (2R
T TRZHNRETH 72D (88%), FLHNERFIME LTHREL TWD ZHH I
FEEN TV (12%),

WIZ, FREZHOBEBEEGZE 9 17T, BHEOZNEONLIAIC, BT ZA (37%).
YR (18%). 77 2 F v 7 (12%). M (10%) . FHAEERHM (8%). M (4%). i
TIAF T (4%), LI (B%) . FEZH (2%) . #IBTeD (2%) . #AE - MUEZEHK (1%) .
Ny bRV (%) FBEZAE (1%) . H-28 (1%). T4 REE (1%) . A8 (1%).
ZOM (1%) 7oz, FHEEFTNUERAL TS, REIGN 100%E B2 T\Wb, 7
FAF v 7E, HETRD LERIIDRN-0, AETRS E 1 BERE o7, BEOH
Rl 35 &, AROMERET, BEROEENELL BB OOEGRN DN E W)
FERICIR 0T, ZOZ LoV TE, U U AERS BT HIETIT o A RN, 18
SRICHEMEIRNBASTY U TN ELBATLESTZOTIHRWNEBZ X TN D,

EFEHOBEREEAEEZX 10 17T, FEZATICEENTOWEERIEMO > B, TDIiF
A ENEAETRERR TH T (81%), T LT, v hAR L (8%), 16 - & (6%). B
AL (4%) bFEREZHFIZEEN TNz, Xy bR MUZHOW T, BRI O 55 8%
MEFREZHFICEEN TNV, SHICIRBEARERRS L B2 N8, 1 >OHERE L
TRy MR MPBT T ZAFy 7RG E RIS, AT AHE L THER TS O TEZRND
MmEEZ D,

BONIAERNE, FAebid, TBIZH) HEZH], TARE] 23 A~ RREEY & A
2L, MU OZFEZHPIZE TN TVDNL F~ AFEFRY OEIGIE 40%ThHhD & LT,
B HERICONVTIE, ZHE LTHHESN LB, ZNEKREMIEN SR DIEAME LT
SN DG EDR D DT, A A~ ABEFMIZEZ Do T, BIZIE <y NHO M L
WogE, BHERE N VIPOIREGWME L TREIRSNDGENH D,

W LT DR A2 75 & 2014 O MILITHOZERE Z A O Pk BT[] 131,066 > Th -
72V, ZOfEIZ, Rl L72 40% &2 ENT 5 &, O, FR] 52,426 hrbleoT, FATD
X, ZOEE, MILTHOREZAFICEENTWDINS A~ AEEYORTHDL L LT,

67



X 7. ZAAHEGEH A ORR T
(Y7 ) RO A EBRBIO TR A ZLICHBELIBROKT) .

Recyclable waste

12%

Burnable waste
88%

8. T L FEIER D EEEIS.

68



Plasticbag Diaper .

Plastic wrapping
4%

Textile . ———

4%

_Kichen waste
' 37%

Paper(recyclable) |
8%

Paper_—
10%

__Garden waste
G 2%
Plastics./ : “\_Wood

12% 1%

Bottle / Glass ______Cardbnard

1% ™~ 4%
Can/Metal ___
6%

Pet bottle_—
8%

_ Paper(recyclable)
N 81%

10. FKEZHAOPIZEEF N TW=EIR LY O E&E 5.

69



[EEE (PaFk—nr L, <1 —37)]
UTM (v L —y 7 IRKRE) OavFRR MEOHE

T a RV TCIE, FRE S AR BRI S A, ERE, HENEY (See long Landfill)
FCEMR I, O TG INTND, ZIUT L > THEAER S T2FE Z HAEOHEY) )
BEKUESOS 21TV, A X VEDIRENFET ANFEAL T H (K 11),

UTM (281 5058 T, FENOHRET DA A~ A% 2 RA MET 52 8T, B
HLONL T2 K0 bIRESDREZHL TE 20 TIEARWNAE W BRNS . EEICHEN
W3V ARA RMGERRIT, TR A MERIZ L DIRER T AFEORAEEZHNT 5%
fTo Tz (X12),

11, BTG S OIREZNE T APEH A A — 12. UTM BN O =t R A B3

UTM ® 2 R A MIERT 230 A~ RAE, RNICH L0 7 =7 U 7 0 LIEIT 5 /5
THE NTRATIWEREDEZANETH S, B SNIZREE AL, Al e <
NUSNDT T AF v 7 Z2&{H, Xy MR MVEIZSRIS ., A% F S VR A
FEBRICERA LTS (¥ 13), 2R A MI 1Tl X% 400kg, AR ZHN
30% « JEZHD T0%ThH Y, CIN HEEZZEIELOIH/NROBETELRE 56
H5,

70



Composting

Animal feed

Separate substances other

than organic substances

X 13. UTM N 22 R A MRS T 5 B 5 2 B Difii.

TR A MITEBIC 1E, AATHREL, 3202HIEET
HIEL5E T35 (K14), S8R L7z = AR A MIERELD
I L > THEMESHL, 72 UTM OF2NICH D M 72
FORZRHREE LTHERAS TV,

X 14. 3 0 ARE Lica AR b

71



FOLO mfH %2
FOLO (Feed Our Loved Ones) IZERMICa L RA MEZEBA LB THS (K 15),

; Watering
. . - Eml Pond
2 , S . < e £ L
< Treatment ¥ "

. e\ P

e

Accommodation for worker, : ¥ % :
Workshop and Seedling Area y ! :

A

| 1" S AN €/ | Composting Bin

= Farming

it Cleaning Area

torage for

Area

Lignocellulose

C ti '4-‘ L
omposting ™ — j
--

15. FOLO 4#f/K[X.
H#ft : The presentation slide of LIM LI YEE, doctor course student in UTM.

FOLO Tl 5 DOART AR, YU AR—=IVDNEHR « MRS THRATHZHZEIL LT
AARARMIFHLTWD (1 H 3 by AR, BISh I, Al s %
LSS (T RAF v 7 BleD%) TR SiL, AMMITY FIEES O a R A MGITHE
g (M16), 2 ARA MGTIE 1 EBIC—EEE TR, BLZE30ATaUR
A b ELTEERT S,

aRA NGIZIE, YHER - 1 AR - 30 AREANH Y . B ARET D 2
CICEMTa VR NHOEBMABEI L T\, £, YAEMEAD 3 R MO
KW R ENSIIAKGNRHT A, ZORMKBED B, BEESEIKIZY LTI
HREISNTHD (K17),

72



X 16. AR A Mg CYHINES) . B 17. [FY - FEEERL DR HIK.

SLARB LI RA ML, BRI NSA TR ErbIEASIL, 2V RA NNTH
IRIp R TOND (K18), /o, 3MARBLIza AR MIH A2, 5250WiERIC
DT B (M 19), S22V BELI/NI NI U RA MIENET Lzt S, SR
Do SHVEEORWRER I URA MIIEATET LTWRWE S, YANEMND =~

RANGIZBEIL, MLERIT D,

X 18. 2 AR A MG (3 A% . X 19. 55 \WVikErik.

FOLO TIE. fE L VAR A ME RIS THEA L T\ 5, Ak L7z HKiE, 20 AR b
EHARTEHRZ -V - DY T ARELEENTND20H, 100~200 (52D TR E LT
EALTWSD, 7z, ER L7 A A MIEMO HEGREAE LTERINTWD,
FOLO D fthlE, ARIZE DL WA TH Y (1K 20) , SRAKMEDMEL AEW DER D72
Mmolz, LnL, avRANEFHATLZET, avRA MIEENLIMEDD B X, RK
PEOEWTRICHR T 52N TER (K21), TOMRT, TNETEEL TV RN T
LI RFEOHIFEN AW B HTIERT 5 L5107 (K21), EBICa VAR M
ERRT 2 & ZICHDIRHKEREESE, WIEE T 52 L TEMOBRICKLE 25 EF A

73



fad o Z ENTE, ALFIERIZ HWRWHIE TR 2R EE T 5 2 LIk LT,

21. AV ARA ML KB I 5
LAERTRE L o T2 AW,

20. A3k® FOLO 3o 1.

74



(it 7t

FOLO Tix, EAZAICRFERE LTRRLEBD/LTHMZLHZETarRAMNE, &6
(R Z B0 D DRKD BIRIEZER L AL FEIER 2 9, B oREH R b & 2
Tl BERTEREWNBRE BT H 2 LRI LT, B LRSI
WIEIE, 2 AR A ROJFEEE LTS, FOLO Tl REZDOIEERNTOR TS &
WO ZEREBITFAR (K 22), BUFE, FLHick W TiE, Z2< O ZHBEA S TN D,
A I~ ABEFEM & - P BEAIT5 LW ) O TiER< . FOLO O X 9 R BR O %45 LL
Iz LT Z ENFRATREZR TR IS DR MN D D TII W E R BT E 2 72,

£72 FOLO 2B\ T, 2 U ARA MUEHL TWe RS v R X, VA NT VU, fED
SIEEENTZ B DT, IRFEPE L TIEEHLEDRAEDIL TN D72 8 AR & TR
MBI Z N E1TB 22V, Ko TRIILHN, KRFENTH, 2R MR L7c A A
~ ADPFERO RN E ROF bz L & X T,

BIE, MLV T, BAR— L3R 2 Fofidfi (K23)., EXAE S HABHE o
VIR A MR 2 EOE ZHANI O A EIT o TND, BeAR—La AR A ME
OWTE, A8 T4 T WRd D, FETHER LI VAR P Z2IITTNR— L1 2 —
FroTIT< &, ZDa KA &R ER->TH b x5, FR, TOR—LEZ—HNTHH
TEDHBIENEZD, ZNOHORYMAIZE > T, 2R A MEZHOHIRIC B % FF
DANBIRZNEEZ DO D LE L TND,

FREITICEBN T, ARMEEZ L E LR rTREZ2R B O 7= O#E (Education for
Sustainable Development) DOIFEhNKEK A T, REEROBG WAL NELfEATND,

ORI RIS, RATebid, K24 17T L9574 [ARMEEATLE LIcBERR—La s
WA OEK] ZRET D,

KABEOENVEZHORNBHED Z & T, BEEAFOBEE O, (b7 imE o6 H oD
KBEROMEEREZ O VIHELZ LR EORERH D, —H T, THEFEBT LH72DITITEY
B O2_REFELDHY, P, A BT 7R LTSMBLZESCT L, 2R A D
T (FIH%E) 2K+ 52 L, 2V ARA ORI R A MUlGREROE A% ET 5
TLRENRFETOND, TOXIHEERYBZ 57-0I1E, 2L O LA, LT
TROFOMEMPNE L 25, LovL, ESD EEINEA TEREEROE VAL NEL(EA
TWARILTIZENT, ZNHLOMEERVBZ 52 LN TELDO TRV LT BT
BoTWa,

75



22. FOLO (Z361) % K2R DB & & L 12X,

23. LT3 T-> TWHEAR—/La AR A R
(Ref.: https://compostokayama.jimdo.com/) .

76



_ = post made
by the citizen
Household

B Farmer

Maintain
_the g u'al__ Y

Okayama
city

i

Composting

4 [Advantages]) )

» To be able to reduce operation cost of the
incinerator

» To be able to reduce using chemical fertilizer

» To be able to make the circulation of nutrients

\_ --etc.

/ [Challenges)
» To increase participation without the
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_/
\

build the facility
\_ ..etc.
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http://www.city.okayama.jp/contents/000241774.pdf (2017/01/20)
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The report of the achievement in our project practice

Takafumi OGASAWARA and Tomoki FUKUYAMA of master course students, belong
to FUJIWARA laboratory, carried out a project practice together. Our purpose of the
practice was to understand composting and its usefulness through having experience by
ourselves and we carried out it. In conclusion, we checked the appropriateness of
composting in Okayama city. Contents of the activity in campus, in region and in

international are as follows.

[In campus]

In our laboratory, there is a member who research composting using biomass wastes
in Okayama university. In his study, he compares the present condition with the time
when we made compost from biomass wastes in Okayama university and assesses the
results. In this time, we joined his research activity and learned composting. We helped
him to collect the raw materials of composting and make it as well as composting boxes
as the activity in campus.

We collected fallen leaves(Fig.1), kitchen waste in cafeteria(Fig.2), the wastes of farm
products(Fig.3), and house dung in Okayama university(Fig.4) for making the compost.

We made the composting box, too. The boxes were made of polystyrene foam which
keeps heat because it is hard for the raw materials to break down and we don’t make
good compost if the temperature decrease. The box has a vent at the top. And the air goes
through every time because there is a gap in the bottom(Fig.5).

We also used the old compost. We put them and water into mixing machine and mixed

it. And we made some composts varied the ratio of each raw material and water(Fig.6).

Figl. Fallen leaves in Tsushima campus, Okayama university.
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Fig2. Kitchen wastes in cafeteria, Tsushima campus, Okayama university.

Fig3. The wastes of farm products in Tsushima campus, Okayama university.
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Fig4. House dung in Tsushima campus, Okayama university.

Fig5. Composting box made of polystyrene foam (Left: outside, Right: inside).
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Fig6. Finished compost.
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In region(Eastern clean center in Okayama city)]

In our laboratory, researches of household waste in Okayama city are carried out two
times a year. In this time, we joined the research and learned the trend of household
waste in Okayama city, the kind of biomass wastes and the volume of that. We did the
research of household waste in Okayama city and collected the data. In addition, we
estimated the volume of biomass wastes in household waste in Okayama city as the
activity in region.

We did the waste research at Eastern clean center in Okayama city. The staff lifted
waste bags in waste pit with a crane and took down them on a place. After that, we chose
some samples from a lot of the waste bags. Finally, we used 3 bags of 5 liters, 5 bags of
10 liters, 6 bags of 20 liters, 6bags of 30 liters, 5bags of 45liters for the research(Fig.7).

Fig.8 is the weight percentage of waste classification. Most of the wastes were the
combustible wastes(88%), but some wastes were the recyclable wastes(12%).

Fig.9 is the weight percentage of the household waste. Kitchen waste accounted for
37 %, Animal excreta 13%, Plastics 12%, Paper 10%, Recyclable paper 8%, Textile 4%,
Plastic wrapping 4%, Plastic bag 3%, Garden waste 2%, Diaper 2%, Paper bag and Paper
wrapping 1%, Pet bottle 1%, Specified waste bag 1%, Can and Metal 1%, Rubber and
leather 1%, Wood 1%, Others 1%. The total percentage exceed 100% because each
percentage was rounded. Plastics were less than kitchen waste and Animal excreta from
the point of weight but plastics were bulkiest in the waste from the point of volume.

The result in this time was that the percentage of Animal excreta was larger and the
percentage of diaper was less than last research. About this, we consider we might choose
samples including much animal excreta unexpectedly, though we did a specified
sampling method.

Fig.10 is the weight percentage of the recyclable waste. Most of the recyclable wastes
in household waste were Recyclable paper(81%). And Pet bottle(8%), Can and Metal(6%),
Cardboard(4%) were included in the household waste. About Pet bottle, 8% of the
recyclable waste was included in the household waste. About this, we consider they
might regard Pet bottle as Plastics and dump it in the household waste as a factor,
though there were various factors.

From the results, we regarded “Kitchen waste”, “Garden waste” and "Wood” as biomass
wastes. So, the percentage of biomass wastes in the household waste in Okayama city
was 40%. About Animal excreta, when they dump it, it could be discharged as a
compound. So, we didn’t include it to biomass wastes. For example, in case of sand for
cat toilet, the sand could be discharged as a compound of Animal excreta and the sand.

In 2014, the volume of household waste in Okayama city was 131,066 tonnes per year?.
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So, we multiplied it by 40%. The answer was 52,426 tonnes per year. We regarded it as

the volume of biomass wastes in household waste in Okayama city.

Fig7. The state of the waste research

(Left : The state we were doing sampling

Right : The state after we were doing separation in detail) .

Recyclable waste
12%

Burnable waste
88%

Fig8. The weight percentage of waste classification.
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Fig9. The weight percentage of household waste.
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Fig10. The weight percentage of recyclable waste.
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[In international (In Johor Johor Bahru, Malaysia)]
Visiting at composting site in UTM (University Technology Malaysia).

In Johor Bahru, household waste is transported directly to the landfill site (See long
Landfill) and buried. So, stacked organic matter undergoes anaerobic reaction and
gases such as methane are generated (Fig.11).

In UTM, Students think that if organic matter such as kitchen garbage is made into
compost, it may be possible to reduce the amount of methane gas emitted from landfill
waste. And they are conducting experiments (verification tests) to measure gas

emissions by actually composting in UTM (Fig.12).

Fig. 11. Image of greenhouse gas emissions

Fig. 12. Composting site in UTM.
from landfill site.

Organic wastes used for composting of UTM are mainly kitchen wastes collected from
the cafeteria in the campus and garden wastes generated in the campus. Students
collects waste from cafeteria, and separate organic wastes and other wastes. Organic
matters are used for Animal feed and composting experiments (Fig.13).

Compost is about 400 kg in one chunk. And there are usually 30% kitchen waste and
70% garden waste. Sometime, in order to stabilize the C / N ratio and the like, the

straw of the stable may be mixed.
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Composting

Separate substances other
than organic substances

Fig. 13. The flow of kitchen wastes in UTM.

These compost are stirred once a week and
completes at 3 months (Fig.14). Completed composts
are commercialized by companies or used for
landscape in UTM.

Fig. 14. Compost after 3 months.
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Visiting at composting site in FOLO.
FOLO (Feed Our Loved Ones) is a farm that introduced the utilization of compost
experimentally. (Fig.15),

.“- : ‘:.. : . I;‘ .
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Fig. 15. Overall view of FOLO
Ref : The presentation slide of LIM LI YEE, doctor course student in UTM.

In FOLO, organic wastes are transported from five hotels, Singapore‘s grocery store,
fish shop etc. (3ton/day, 1 - 1.5ton is Vegetables). After transportation, they remove
non-organic wastes (plastic, diaper, etc.) from collected wastes and place them on the
composting site (Fig.16). Composts are stirred once a week by bulldozer and completed
in about 3 months.

At the composting site, there are collection sites for the first day, after one month
elapse and after 3 months elapse. Every time the period elapses, the organic matter for
composts moves to next sites by bulldozer. Organic wastes contain a lot of water, so the
leachate water flows out from composting site. These leachate is collected and ferment
in tanks (Fig.17).
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Fig. 16. Composting site (On the day). Fig. 17. Leachate after fermentation.

After 3 months compost, FOLO's worker put air pipe for making natural air
exchange (Fig.18) and composts are made a sieve test (Fig.19). The fine composts that

fell off the sieve are completed, and the remains are mixed into collected wastes on the

Fig. 18. Composting site Fig. 19. Sieve machine.
(After 3 months elapse).
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In FOLO, composts are used on the farm. The aforementioned leachate contains
much nitrogen, phosphorus and potassium as compared with compost, so the leachate
are used for liquid fertilizer after diluting 100 to 200 times with water. Composts are
used as a soil conditioner for agricultural land.

The farmland of FOLO was originally a soil with a lot of iron (Fig. 20), the water
retention was low and the number of microorganisms was small.

However, by using compost, it became soil with high water retention, and
microorganisms also increased (Fig. 21). With that effect, creatures such as
earthworms which had not existed before now can also be inhabited (Fig. 21). As a
result, FOLO succeeded in cultivating crops that do not use chemical fertilizers by

composting creation and use for improving the soil that crops did not grow.

Fig. 20. Soil of conventional FOLO farm. Fig. 21. Improved soil by compost,

and creatures enabled to inhabit.
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[In conclusion]

In FOLO, they put sawdust(wood chip) or charcoal as carbon source into kitchen waste
and made compost. Furthermore, they made liquid fertilizer from the leachate of kitchen
waste. They used them and grew various vegetables, it is good for our health, without
using chemical fertilizer and causing pollution. The part of vegetables which we can’t eat
was used as the raw material for compost. We learned the nutrient circulated in
FOLO(Fig.22). Most of the wastes are now incinerated in Okayama city. We don’t
incinerate biomass waste, but increasing this circulation might enable us to spent the
sustainable life style in Okayama city, we considered.

And in FOLO, organic wastes used for compost were restaurants, fish shops, etc. The
charcoal of Japanese restaurant was also used as carbon source, there was no special
materials compared with Japan. Therefore, we thought that the possibility of circulation
of biomass for compost was found even in Okayama city.

In Okayama city, there are the distribution of cardboard composting(Fig.23), subsidy
of purchasing treatment machine by electricity or composting container etc. as the
measures of reducing kitchen waste. About cardboard composting, there is an incentive.
If they take finished compost to a store(home center), the store receive the compost and
they can get a discount coupon which can use in the store. We feel those who are
interested in the reduce of kitchen waste or composting are increasing now.

In addition, Okayama city is eager to do Education for Sustainable Development(ESD)
centering on Community Learning Center(CLC) and those who have high environmental
awareness live in the city.

In these situations, we propose the idea, “The popularization of cardboard composting
centering on CLC” like Fig.24. Making compost can reduce biomass wastes which go to
incineration. By reducing the amount of biomass wastes with high water content, there
are advantages. For example, there are to be able to reduce operation cost of the
incinerator, to be able to reduce using chemical fertilizer and to be able to make the
circulation of nutrient etc. However, there are also some challenges to realize this plan.
For example, there are to increase participation without the incentive, to expand the
demand of the compost and to cost us money to collect the compost and build the facility
etc.

We may need a lot of time, much money, and Citizens understanding to solve these
challenges. But, we believe, in Okayama city where many ESD activities are prosperous
and many people with high environmental awareness live, we can overcome these

challenges.
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Nutrients
N,P,K

Fig. 22. The figure of the circulation of nutrients in FOLO.

Fig.23. The cardboard composting in Okayama city
(Ref.: https://compostokayama.jimdo.com/) .
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Fig24. The image of the popularization of cardboard composting

and the advantages and the challenges.
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