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Rough groupin Detailed grouping Weight(g) | Rate(%)
Kitchen waste 26656 26.86

Plastic bag(shop) 2905 293

Plastios Wrapping 1021 1.08
Specified farbage bags 688 0.69

Other plastics 9708 9.78
Rubber & Leather 1202 1.21|

tobacco 382 0.38

papers Diapers 8538 8.60!
Other paper 6496 6.55

) Pet Sheet 221 0.23

Animal excreta -

Animal wasete 8985 9.05

Garden waste 1560 1.57

others 1961 1.98

others

woods 215 0.22

Textile Textile 379 0.38
Textile 2596 2.62

Plastics Plastic tray 411 0.4
Paper bag & Wrapping 726 0.73

papers Paper 21702 2187
Metal Can 120 0.12
Metal 431 043

Glass Bottle 205 0.21
Glass 0 0.00

PET PET 639 0.64
Non-burnablewaste 1106 1.1

others others 384 0.39
Sum 99243| 100.00,

Non-Burnable Others (Dregs)

0%

tecyclable Waste
26%

Rubber, Leather
1%

Garden waste
2%

Others, Woods

Burnable Waste
73%
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} The people of Chhnuk Tru Floating Village
> depend on fishing for livelihood and food.

dwellings to cope with the expansion of the

“_ During wet season have to move their
lake and escape of climae change.
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~ ®  Chhnuk Tru Floating Village
W Wet Season (Floodplain)
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- CSARO D%
CSARO 1% 1999 FFiceR L E N, HERa Vv FRRA MEEEZFLIC, <7V T4 7
N, HK = 2 =T 4 ~OEF W R LIRECIEB Z{To T b, Sl a AR P EEE

L. 2V FR P ZERL T2, 22T bk SAD L2 NRICTER 2 {To T
7es, BIERZNICMA TREZ ZOIEEE P ot Nz Za b b T, £
7oy T 0OEEEIZERE D O ORI 22T T30, BEAEPMEE o TWnd, 5
BKL7za v KA T 1t H72 Y 200USD( 5 Hlidkl 30USD) Tz L T %,

- CSARO @ 22 v F = | #l3%

CSARO Tlx 1 HICH] 4t ORFET HDWAD D 5, WMAINFKEZ HiZ, AJITHEI A
EZEHIThwWIARILHHEIN T2, M9 RTHENToON KT TH 3, TIHBNOEH
ZIFEANTTEH L, WO DREGBHIT 6N, 2V ERX FDREETT> Tz, ]
Bl L8O E TSN I0 HEE T %5, a2 v R MLEGERECEREIX 15% i3

3, 10 35EKL7=a v RAFDEETHED, DAL ENA» oINS R T ITATF Y
IHPBALTWEDRbLD S, TOLIICTITIRAF vy 7 =—LDREATDINICKE
BRFEA22Y, av AR MED FTax bR,

X 9: 4 AR okt X 10 :; fERE N3 v R R b

- CSARO #opa vKRZR DY v T Aot

CSARO 238liE L7z 2 o a v AR A b (No.l & No.2) #%9 v 7re LTHEBLIRED,
ZDEKFEL C/NEESHT L7z, C/NLLEid, RFRLEFRDOHEZRTDOTHY, a2V
RAPOWEEZRTIEELE LTHWOLNL S, CSARO ik, oY EMKEZR MY 7
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—VICHHEE L T3 b oD, EHA RO 13T - TwZrvy, CSARO tofdRn3 540
Bt &K% 26.50%, C/N L 10.22 TH %,

ik
GRROHPE NI R FRES 7 O il 2 . C/N F OB I IR LR eI A 72
FEDOCHN 7+ 74 ¥ —% M7z, No. 1% 3% v 7, No.2% 3%V 7 ERL T,

R

K2 FENKEFMEDRERTH 2, SIOFER. v 70 No.l OFIEKEIL 32.4%7FE
FE, No2 Tl, 6202 8H3dDD39.6%L %0, v T —IDEKKIYE KR
Erot, ¥2. BIEFTLESHORETH S, C/NHIicowT, +v 71 No.ld C/N
i3 1431, No2 Tix 1245 b, Ny s —y 0 1022 LT 2 EEWERZ L 572,

K2 0 BKERHIE ORR

Compost | ID | {iiEE(g) | wlEEE(g) | &KE( | AKE%)
No.1 1 13.779 2.5443 1.2347 32.6727
2 | 3.3558 2.3034 1.0524 31.3606
3 | 4.2369 2.8344 1.4025 33.1020
No.2 1 | 4.7989 3.0716 1.7273 35.9937
2 | 3.5954 1.9094 1.686 46.8933
3 |5.8871 3.6383 2.2488 38.1988

I EE(g) | WRER( | GKE() | EKEG%)
No.1 11.3717 7.6821 3.6896 32.4455
No.2 14.2814 8.6193 5.6621 39.6467
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K3 LR ORIR

Compost | ID | Weight(mg) | C(%) N(%) C/N
No.1 1 | 2.927 21.90 1.58 13.86
2 | 2.881 22.36 1.55 14.43
3 |3.269 24.00 1.59 15.09
4 | 2.892 22.36 1.52 14.71
5 | 2.752 22.35 1.67 13.38
No.2 1 | 3.140 17.52 1.45 12.08
2 |3.202 18.84 1.46 12.90
3 |3.002 16.74 1.38 12.13
4 |2.851 17.58 1.45 12.12
5 |2.932 17.08 1.31 13.04
Weight(mg) | C(%) N(%) C/N
No.1 14.72 22.63 1.58 14.31
No.2 15.12 17.57 1.41 12.45

EE

EIKEKIZ, CSARO #2858y 7 =V THIR L T3 26.5% X 0 b, 5.9~13.1%E Ml &
oz, C/NLIZ, Ny 7 =YD 102 X9 b 2.2~4.1 K4 v FEWfHIC AR -7z, CSARO
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Impression (AING)

The main problem of many municipality authorities and local level responsible for
advising public health and sanitation is the management of MSW. In the developing
countries as Cambodia, its more wide complication and challenging regarding to many
indicator such as inadequate infrastructure and financing, sufficient of definite the role to
take action of the local authorities, lack of legal framework and enforcement. Moreover, the
uncollected waste and uncontrolled disposal of waste in the rural area and suburb area has
harmful to public health environmental and social condition.

The challenge of distribution effective and efficient waste management is an issue to
dealing stakeholder engagement including local government, public and private institution
of waste management, and citizen themselves. Enhancement awareness of the diverse waste
management option is crucial for the development of more basic principle approach to waste
management associate with the public participation. The composting plant has been
practice traditional way of waste treatment was promoting from family scale to mini scale
depending on the quality, quantity, composition, and other factor.

In the developed countries has been higher investment on human, technological, and
financial resources in order to achievement cleaner production and sustainable
environment. The IWM in which waste management in which from the origin generation of
waste to final step disposal. The resources recovery and energy production was set up to
systematize supported suitable legislation and regulation. While, the pollution control policy
were strict enforcement. Thus, the services were being take better in the developed
countries, while the developing countries where education level, public participation

legislation, and policies are inadequate.
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1. The Campus Research Practice on Composting of Okayama University

The composting product though microorganisms decay down the plant and animal materials suitable
forms for soil type. The realizable compost process through the combination of organic and animal
material with the fundamental of C:N ratio of between 25:1 and 40:1. The most influencing factor in
the composting process feedstock and nutrient balance, particle size, moisture content, oxygen flow,
and temperature in term of active phase and curing phase. The optimization of composting condition
description as oxygen > 10%, the moisture 40 to 60%, C/N = 30:1, while the temperature between 90
to 140 OF.

The waste composition material employed from the Okayama University campus including food waste,
vegetable, horse dung, source of compost, leaves, mowing, and pruned branch. The total amount of
composting material is about 7.8 kg. The more detail waste material fraction is presenting in the figure
1. The pre-processing of composting describe as:
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e Separation or removal of oversize

e Size reduction through shredding to create the suitable space of sustaining the bacterial action

e Blending and compounding to adjust the carbon-nitrogen ratio, moisture content, or structure
material to composted

After that keep in the plastic box.?

Pruned branch

4%77 ‘

Figure 1: The waste material composition
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2. The Regional Research Project Practice on Household Waste Composition at Clean East
Center of Okayama Prefecture

The accurate and reliable information on waste characterize the type of the material disposal is
compelling in term of planning and monitoring and evaluation of municipality waste management
(MSW) system. To build up system and enhancement technologies, the relatively detail need data
for the waste composition of the municipality solid waste. According to the United Nation
Environment Programmed (UNEP) was addresses the discrete point of view on characterization of
waste material composition as well as reliable data support municipality as following: (1)
determining the best management method for different materials (2) planning recycling and
composting programs by identifying the amounts of recyclables and organic materials generated by
residential, commercial, and possibly industrial sector (3) sizing the Waste to Energy (WtE) facilities
base on the amount of waste remaining in the waste stream after recycling and composting (4)
estimating waste transportation and separation costs using local estimates of total municipal waste
volume and weight.

! The precise detail of processing depend on the technique, equipment, and management system used.
While the several factor that influence into the composting such as temperature, moisture content,
aeration, particle size, nature of the feedstock, accelerants, processing time, and maturation and curing
was further Analysis of the Master Student in Takeshi Fajiwara’s Laboratory of the Msc. Research
Dissertation.
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A survey to characterize municipality solid waste contribute baseline data to implement the progress
toward specific waste management goal. The detail information of local waste characterization are
need absolute waste stream survey conduct at MSW incineration, landfill, WtE facilities, and transfer
station. Moreover, waste composition reinforcement projection of the size and composition of the
future MSW stream support information to local planning and engineering operating the MSW
facilities. Also, the comprehensive waste composition survey afford to local government of decision
maker in term planning purpose and significant investment.

The Okayama is the capital city Okayama Prefecture (OP) in the Chukoku Region of Japan within
the total land area of 789.92 Km?2, total population in February 2017 around 720,841 with population
density of 910/km2. The conduct studied of MSW characterization at Eastern Clean Center of OP.
The major aim of the waste separation are (a) to quantifying the combustible and incombustible of
waste and recyclable waste (b) to collect the waste samples for composition analysis. The MSW
separation studies carried out 1 days by started from early morning until late evening.

The MSW composition analysis is a survey approach that providing baseline information about the
MSW weight and type of each elemental waste material given by waste stream. The fundamental of
adopting representative samples to reduce variations of the waste stream. The manually hand
sorting into numerous advance defined sort categories by applying the accurate approach, which
are then scale in each component fractions that alignment of the MSW data flow then are addressing
each waste stream. The MSW characterization was playing a key important role in term of any waste
treatment, waste incinerations, open dumpsite management, and engineering designer of new
waste technology shall take into account what the absolute waste stream component consist of, and
biodegradable aspect is vitally imperative that critical data support in term of used in anaerobic and
aerobic digestion.

The waste characterization studied was undertaken at the Easter Clean Center (ECC) in OP of Japan,
was conducted the survey under Professor Takeshi Fujiwara’s Laboratory of Okayama University.
The research approach refine for the survey satisfies the need for method to be instructed, accurate
generation and reliable result to be representative of the research studied. Prior in the waste
characterization fieldwork, all the project members were train on the surveying, safe handling of
waste, waste collection, and waste characterization component of the waste stream. Moreover, the
sampling members were guided on how to select household plastic bag (yellow bag) toward each
pre-define category. Similarly, the members were briefly on the research method how to display
and determine sample for water moisture content, density, heat value, and CHN of the MSW in the
further analysis. Furthermore, the sampling members engaged in the MSW characterization survey
were providing with safety staff that presents necessary equipment and their intended function.

The number of sampling was determine with the use of respectable approach for the analysis of
MSW. Rarely in the MSW was management of the total population, therefore, the representative
sampling of each type undertaken during the survey established practice for the accurately
determining waste quantities and waste characteristics. The sampling procedure of the MSW studied
are following as: (A) the transfer station method as suggested by the ECC manager (B) the waste
crane was catch up and pick up the household waste bag from the receiving hopper (about 500 Kg
of the author estimation) (C) the recommended sample weight of relatively 100 Kg has been made
through vary significantly from the measurement on the larger sample taken (D) according to the
research methodology, totally of household waste bag about 27 of the yellow plastic bags were
randomly chosen for the survey samples must be analyses in order to provide the desire level (E)
the household waste bag were sorted into 5 type of yellow plastic bag based on the volume viz 45L
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(6 bags) , 30L (6 bags), 20L (7 bags), 10L (5bags), and 5L (3 bags) (F) the team work
characterization are dividing into 3 main major waste categories viz (i) combustible (kitchen waste,
plastic, paper, rubber & leather, textile, other woods) (ii) incombustible (iii) recyclable waste (PET,
can or metal, glass bottle or glass, textile, paper) and eleven consumptions categories relatively as
following food, beverage and snack, condiments and cooking oil, household and utensils, clothes
and footwear, books or magazine & others, education & recreation products, beauty products,
personal items and tobacco, miscellaneous expenses, and other than the above.

The composition of household waste whereas larges amount of 38% paper waste, 27% kitchen
waste, 16% plastic waste, animal excrete 9%, and other category such as rubber, leather and
textile, woods leaf branch, non-burnable waste, and other about 10%, respectively as report in
Figure 2 of household waste composition. Generally, the paper, kitchen, and plastic is the major
categories of household waste fraction in Japanese society. Recently, the animal excreta ratio
increasingly in OP.

Non Woods
Others_ burnablewaste Leafes
2% 2% . Branch
Rubber .\ / 2%
Leather____ N\ Paper

Textile B 38%
4%

Animal_—"
excreta
9%

Plastic__
16%

Kitchen
waste
27%

Figure 2: The household waste composition

Similarly, the main component of waste category in OP including recyclable waste, burnable and
non-burnable and other presenting in figure 3 of the household waste categories. The total waste
characteristic about 100kg while the main major component of household waste in term of recyclable
waste 26%, burnable waste 74%, and other term together was less than 1%.
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Figure 3: The household waste categories

The International Research Project Practice on CSARO composting activities in Phnom
Penh City of Cambodia

The Community Sanitation and Recycling Organization (CSARO) is Cambodian local Non-
Government Organization (NGO) found in 1997 was developed by the group of development workers
committed to improving the environment and living conditions of Phnom Penh city in Cambodia. The
vision of CSARO was improving the living standard and working condition of thousands of waste
picker by transforming in term of socio-economic and sanitation condition. By the meantime, the
mission was to encourage and motivate poor people who living urban area to renovation the capacity
of the environment, social, and economic condition. The partial funding was supported by CORDAID,
MANOS UNIDAS, and MISEREDR. While, the mandate between donor and CSARO were set up the
goals as following (A) to assist resident to improve their community infrastructure, solid waste
management and hygiene knowledge (B) to assist waste pickers to better their social and economic
conditions through skills development and self-help activities (C) to improve the community’s
capacity to develop itself for a sustainable future (D) to strengthen CSARO staff capacity for greater
effectiveness. The CSARO was put the finalization for the 3 year strategic planning (2004-2007) as
seeing as (a) community development program (b) waste picker development program (c) solid
waste management program (d) mobile outreach education program (e) community (f) institutional
development program.

Recently, Phnom Penh waste generation has increasing dramatically consideration in modern
societies as functioning of change in habits and lifestyle of consumers as long as economic
development. Regarding to increasing population, urban development, industrialization, and MSW
generation gained an important consideration over the last decade. As the report of Japanese
International Cooperation Agency (JICA) was mention waste stream which used to comprehend the
current flow of waste in Phnom Penh as household waste about 597.3 tons/day, restaurant waste
54.0 tons/day, shop waste 153.1 tons/day, market waste 88.0 tons/day, school waste 6.9 tons/day,
street sweeping waste 2.6 tons/day, hotel waste 2.7 tons/day, and office waste 1.1 tons/day. The
total of Phnom Penh waste generation rates obtained in the JICA studied approximately 905.7
tons/day was collected in the year 2003 as compare to Send., et al 2016 was mention about the
waste disposal at dumpsite approximately 53,535.12 tons/months within an average 1,726.94
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tons/day which following as Organic Waste (54.52%) Plastic (21.23%) and Textile (13.04%) are
respectively of waste composition. While Seng., et al 2013 was mention the MSW from 0.136 million
tons in 1995 to 0.361 million tons in 2008. However, the per capita of household waste generation
was 0.487 kg day (-1) consist of Food Waste 63.3% as the predominant majority of waste faction
follow by Plastics (15.5%) Grass and Wood (6.8%) Paper and Cardboard (6.4%) and Other Waste
(including Metal Glass, Rubber/Leather, Textiles, and Ceramic/Stone) (<3%).

Regarding to the Waste Management Program (WMP) in Cambodia was sets up the primary following
key principles to developed the sustainable liquid and solid waste manage as (1) The political will
and financial affordability are prerequisites for adequate management (2) The health, economy and
environment are equally important factors (3) The stepwise approaches are essential to explore
alternatives and integrated solutions (4) The national and local governments are to take
responsibility in creating an enabling environment for sustainable solution (5) The commitment and
involvement of all stakeholders has to be assured from the beginning (6) The public and private
partnership and other new financial mechanisms are to be explored (7) The linking wastewater
management systems to other sectors (8) The sustainable solution for waste management will build
upon pollution prevention and low-cost technologies. At the meantime, the key principle of WMP
following improvement to figure out sustainable SWM as (i) To set up waste inventories throughout
the country to assess the actual and potential impact of waste on the living environment in provinces
and cities (ii) To review and develop guidelines and standards relevant to waste management in
accordance with national land local requirements (iii) To enforce all pollution sources to implement
the guidelines and standards relevant to waste management as well as to raise their awareness of
proper waste management (iiii) To disseminate the waste management guidelines and standards to

wastes from industries.

At the circumstance, there are several available optional was being taken into consideration in term
of local NGO contribution alignment with national policy. The CSARO was set up an emergency
response plan for accidents in waste management was taking action plan in term (I) To encourage
waste separation at source for effective organic waste composting (II) To cooperate and co-ordinate
with inter-ministries and relevant agencies including international organization and NGOS in waste
management and planning in Phnom Penh city of Cambodia.

As the compost plant was selected as the priority and effective approach in waste management as:
e To recovery organic waste from market waste (organic residue as resource)
e To reduces landfill waste amount and reduce gas emissions

e To decrease land disposal waste (illegal dump) and less negative environment impact

As the result, the CSARO was adoption the aerobic composting plan in windrow system of minimal
technology as following reasons:

e The construction and operation cost is low

e The adoption of composting plant which proves acceptability of system based on organic
waste composition and solid content
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Raw Material (Organic Market Waste)

Compost Product i
Figure 4: Demonstrate the flow of the proposed compost plant process

The design assumptions made for preliminary design as described following:
Design principle:

e The Plant capacity was calculated to be 4 tons/day of organic waste from local market waste
(Psa Derm Kor) locate central of Phnom Penh city was separately collected and transport by
waste collection company (cintri company) and that the plant operates 350 days/year.

e The composting plant constructed and surrounded by buffer zone (green belt).

e The composting area covered and effort to make prohibit the generation of leachate. The
area will equipped with side trenches to collect leachate generated from the pile, which
treated at the leachate treatment facilities.
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Design assumption

e The composting Period: In general practice, the composting period is in the order 20 to 30
days. This preliminary design processes a period of 28 days including a margin of safety
that allows adjustment for variations in moisture content of the raw material.

e Turning Frequency: The Five turnings in total are carried out during the 28 days composting
period, with an interval between turning of 5 or days. Then, transferring the raw compost
to the maturation area on the 28th day was counted as the 5th turning. The initial
temperature of static piles should be maintained at 55 - 60 °C which is the determinant of
the timing of turning.

e Maturation Period: In generally in order of 30 to 90 days. The preliminary design assumes
a 60 day period in order to provide sufficient maturation time.

e Bulk Density and C/N Ratio: The bulk density and the C/N ratio obtain by laboratory analysis
are employed as the figure 5. Meanwhile, the Project Practice Studied Team also
corresponding figure for Final Compost Product (Table N.1 and Table N.2) derived the
sample and empirical values obtained at Takeshi Fujiwara’s Laboratory of Okayama
University, Japan.

e Moisture Content: According to the interview with composting staff was mention about the
moisture content of market waste approximately 65%.

e Compostable Content: The compostable content in the raw material was assumed 90%,
while non-compostable waste in the raw material taken to account approximately 10% was
collected from interview with CSARO composting staff.

‘_
i eProsrBn 7 | 127 ]

mmmmhosphorus

Figure 5: The composting content analysis of CSARO product
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Compost ID Weight (mg) C (%) N (%) C/N

1 2.927 21.9 1.58 13.86
2 2.881 22.36 1.55 14.43
No.1 3 3.269 24 1.59 15.09
4 2.892 22.36 1.52 14.71
5 2.752 22.35 1.67 13.38
1 3.14 17.52 1.45 12.08
2 3.202 18.84 1.46 12.9
No.2 3 3.002 16.74 1.38 12.13
4 2.851 17.58 1.45 12.12
5 2.932 17.08 1.31 13.04

Table 1: The C:N result analysis in FJ’s Lab of Okayama University, Japan

Compost ID Weight (mg) C (%) N (%) C/N
No.1 14.721 22.630853 1.581387 14.31076
No.2 15.127 17.570642 1.411089 12.45183

Table 2: The C:N result analysis in F]’s Lab of Okayama University, Japan

4. The International Research Project Practice on Rapid Assessment of Household Waste
Practice in Chhnuk Tru Floating Village of Cambodia

The rapid assessment of household waste practice was conducted in to the targeted Chhnuk Tru floating
village in Kampong Chhnang Province, Cambodia. The key informant interview (KII) with village leader
and village mapping by travelling around also include with the survey. The study was implement in close
collaboration with Royal University of Phnom Penh (RUPP), Cambodia lecture. The main findings of the
study are summarized below.

Regarding to the KII was mention about household characteristics as the total population in floating
village about 1000 household which including 400 of Viethamese household. The average household
size was 6 persons. The sample household heads were predominantly male. The majority of women
were presented at the village during studies which mostly female need looking after the children and
notable the present of elder women staying home looking their grandchild and responsible on cooking.
While, the young people went to sell labor outside the village and fishing. Due to the meeting and
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discussion mostly only female and elder people has responsible in household waste management. This
found very challenge in transforming the information and knowledge to change their behavior and not
reachable to the decision maker.

The village mapping is used to capture the information of village to define the current data such as
household, head of household, nhumber of family member migrate, number of children under 5 years
old, and information on the type of waste discharge and household waste practice very important to
inform the knowledge and given the baseline data for the project studies.

The reliable of waste treatment, the selected study has no any major waste treatment since they used
the natural treatment of waste discharge directly to the environment. All the confirmed at wet season
from (May-August) wash out all the waste disposal on the land area to the Tonle Sap lake.

The belief, motivation and barriers of the study site was mention as the key barriers to access the waste
treatment following difficult of accessing the waste treatment, absent of better final disposal, habit of
household waste practice and lack of awareness or knowledge about its bad impact, and education level.
The three key factors enable households to improve their household waste treatment as enhanced the
awareness and of the beneficial impacts of household waste safety, improved accessibility, and the
obtainment of waste treatment. The household less willing to pay in private collection service on their
own, but the household motivated to dispose at design disposal authorities.

The people of Chhnuk Tru Floating Village
3 depend on fishing for livelihood and food.

“_ During wet season have to move their
| | dwellings to cope with the expansion of the
| lake and escape of climae change.
|

¥

I
I
1

Legend
®  Chhnuk Tru Floating Village

I Dry Season

[0 Wet Season (Floodplain)

Figure 4: The chhnuk tru floating map of Cambodia

In relation to waste treatment, the main responsibilities of Provincial Department of Environment (PDE)
are well construct and maintenance of waste treatment in rural areas, provision of training to
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communities about the environmental quality and the impact of have waste condition with poor quality,
and organization of waste user committees. The main responsibilities of the District of Rural
Development (DoRD) are to collect and report relevant data to PDE, assist the Commune Council in
developing the Commune Investment Plan, search for donor/NGO assistance in term of promote or
educate the public about the clean environment and household waste practice safety. The main
responsibilities of the Commune Council is to funding from government or donors/non-government
organization, planning, request for donor/NGO assistance, and public promotion or education about
household waste practice. The main responsibilities of village authorities to request the Commune
Council, donors/NGOs and promote or educate village member about the household waste practice
safety and environmental maintenance, and get the people to contribute money for the construction of
public event.

There is communication among authorities and rural development officers with regarding sanitation and
hygiene and household waste practice in safety way. This communication is initiated for the following
key purpose or reason as consultation and consideration of the Community Investment Plan in district
/provincial level plans, situation monitoring, communication of requests for construction and repair of
waste disposal. Information sharing during internal and public meetings, coordination of efforts on
promotion and coordination in the project implement and investment plans and substantiate request for
assistance in building or repairing the waste disposal. It happened primarily through internal and village
meetings. The results of the meeting are reported to the PDE, DoRD and district government for
integration in their own plan or appropriate action. It is through the same channels that PDE, DoRD and
district government mainly collect information and community members relay their complaints and
feedback relating to environmental sanitation and household waste practice.

Household waste discharge per capita was 0.5 kg day(-1). The predominant portion of generation waste
food waste, plastic bag, and pet bottle. The waste recycling through family scale to informal sector in
moderate level. Presently, the storage and discharge, collection, transport and disposal inadequate
condition possible to risk the environment and harmful to human well-being.

5. The Impression in Solid Waste Management in Less Developing Country and Developed
Country of Research Project Practice of Environmental Rehabilitation in ASIA

The main problem of many municipality authorities and local level responsible for advising public health
and sanitation is the management of MSW. In the developing countries as Cambodia, its more wide
complication and challenging regarding to many indicator such as inadequate infrastructure and
financing, sufficient of definite the role to take action of the local authorities, lack of legal framework
and enforcement. Moreover, the uncollected waste and uncontrolled disposal of waste in the rural area
and suburb area has harmful to public health environmental and social condition.

The challenge of distribution effective and efficient waste management is an issue to dealing stakeholder
engagement including local government, public and private institution of waste management, and citizen
themselves. Enhancement awareness of the diverse waste management option is crucial for the
development of more basic principle approach to waste management associate with the public
participation. The composting plant has been practice traditional way of waste treatment was promoting
from family scale to mini scale depending on the quality, quantity, composition, and other factor.

In the developed countries has been higher investment on human, technological, and financial resources
in order to achievement cleaner production and sustainable environment. The IWM in which waste
management in which from the origin generation of waste to final step disposal. The resources recovery
and energy production was set up to systematize supported suitable legislation and regulation. While,
the pollution control policy were strict enforcement. Thus, the services were being take better in the
developed countries, while the developing countries where education level, public participation
legislation, and policies are inadequate.
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6. International Project Practice Activities Studied Plan

Timeframe

Item November (2017)

13 14 15 16

17

Fly from Japan to Cambodia

Departure to Tonle Sap lake

CSARO Composting Plant

Ministry of Environment of Cambodia Interview

Representative of JICA in Cambodia Interview

SATREPS coordinator in Institution Technology of Cambodia Interview

Department of Environmental Science, Royal University of Cambodia Interview

Fly from Cambodia to Japan
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8. Appendix Picture of Research Project Practice Activities

\

CSARO composting ant CSARO composting plant
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Chief of Environmental of Ministry of
Environment (MoE) of Cambodia interview about
low carbon societ

Department of Environmental Science (DES), Environmental Conservation Platform of Tonle
Royal University of Phnom Penh of Cambodia Sap Lake, SATREPs Project coordinator interview
interview

'y
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Study on gasification treatment of combustible solid waste in Singapore
Md. Azhar Uddin, Professor, Graduate School of Environmental and Life Science

The energy demand of the world is growing continuously and this trend will continue
in the future. Presently, most of the energy is produced from non-renewable fossil fuel.
In this situation, the power generation from alternative source of energy is desirable.
Municipal solid wastes (MSW) contain various combustible organic substances such as
paper, wood, waste plastics, food waste etc. and these wastes could be a source of
energy and chemicals if we use appropriate technologies. There are several technologies
available for utilizing MSW as a source of energy such as direct combustion to generate
thermal (heat) energy, or gasification with limited amount (sub-stoichiometric) of air
and or steam to generate synthesis gases (mixture of hydrogen and carbon monoxide)
which could be used as fuel in gas turbine or gas engine to generate electricity.
Gasification of MSW has several advantages compared with direct combustion or
incineration such as high efficiency, comparably clean exhaust (free of fly-ash), etc.
Singapore is a densely populated small city-state with a very limited space for waste
disposal by landfilling. Singapore is working on gasification of municipal solid waste
called RDF (Refuse Derived Fuel) as a means of waste disposal and utilization of the
waste resources.

Nanyang Technological University (NTU), one of the national universities in
Singapore, has been studying advanced and clean technology for the gasification of
RDF prepared from solid waste collected in the campus. In Okayama University, we
have been developing process for catalytic gasification of biomass waste into synthesis
gas, particularly hydrogen-rich fuel gases. In this project, three master course students
from the Graduate School of Environmental and Life Sciences of Okayama University
visited the Residues and Resource Reclamation Center (R3C) at Nanyang
Environmental & Water Research Institute (NEWRI) to conduct gasification
experiments. We also collected RDF sample from R3C and brought back to Okayama
University for further study in our laboratory. The main purpose of this course is to
nurture talented students in Okayama 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 gasification treatment of combustible solid
waste in Singapore” Three master course students participated in this study. Details of

the students’ activities in this course are described in this report.
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e International Course

In Singapore, waste is divided into two major categories: general waste and toxic
industrial waste. Currently, about 60% of general waste is recycled, and the remaining
40% is landfilled in an island called Semakau Island. In Singapore where the land area
is small, how to reduce landfill waste is an issue. Therefore, research on gasification is
carried out as effective utilization of waste. In international course the gasification of
RDF from NTU was carried out at NTU in Singapore by the participants from Okayama
University with NTU researchers.

Liquid 4%
Metal 3% .« Others
¢ 9%
Glass 3%

Textile 5%

Fig. 1. Waste collection and processing of RDF in NTU campus
¢ In-campus and Domestic Course

In in-campus and Domestic Course, the students conducted the following
experiments at the laboratory of Environmental Reaction Engineering Laboratory at
Okayama University with RDF collected from Singapore. In these experiments the
students learned about the method of conversion RDF of solid into gaseous fuels using a
catalyst. Here, the students gained experiences in wide range of experimental techniques
and analytical procedures (gas and solid analyses) for biomass conversion technologies.

Final Remarks

This program provided the students some unique opportunities to gain hand-on
experiences in learning some useful techniques for the utilization of MSW in the
campus, domestic and international courses. Furthermore, the students have improved
their ability to communicate in English by practicing 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 gasification treatment of combustible solid waste in Singapore

1. Introduction

Research on gasification to obtain flammable gas from
biomass samples has attracted attention. Gasification is
the process of converting organic materials and
fuel

monoxide and carbon dioxide. These syngas are

chemical materials into hydrogen, carbon
extremely useful because these can be used for power
generation, FT synthesis that produces clean sulfur-free
gasoline, fuel cells that are expected to increase in the
future.

In Singapore, about 60% of general waste is recycled.
However, among the remaining 40%, which can’t be
recovered by heat are landfilled in Semakau Island. The
land area in Singapore is small, so how to reduce landfill
waste is an issue, and research on gasification is being
conducted as one of the possible solution. Therefore, at
Nangyang Technological University, the gasification
experiments are conducted using waste generated
within the university as a combustible solid fuel.

In this project, we conducted gasification experiment
in Singapore using solid waste. We also carried out the
gasification experiment at Okayama University with our
laboratory experimental equipment using that same
sample collected in Singapore.

2. International level
2.1. Visit to Nangyang Technological University

We visited Nangyang Technological University (NTU)
in Singapore. We also carried out gasification
experiment at Residues & Resource Reclamation Centre
(R3C) in the Nanyang Environment & Water Research
Institute (NEWRI).

2.2. Experimental method
2.2.1. Sample preparation

The sample was prepared with actual garbage
components in NTU. The prepared sample was crushed
and pelletized and used for the experiment. Table 1

shows the composition of RDF pellets. Elemental
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analysis was also performed for the RDF pellet. These
pellets were brought back to Okayama and used for

experiments.

Table 1 Composition of RDF pellets

| Category | Plastic | Paper | Textle | Wood | Food | Horticultural
o0,
{d:t B:;,is) 35.0 23.0 7.7 6.9 16.0 1.4

2.2.2. RDF gasification experiment

Gasification experiment was carried out using a
tubular-flow reactor. RDF was continuously introduced
at a rate of 6.29 g / min, and at temperature of
gasification was 85007, under atmosphere pressure and
water vapor. The syngas was collected in a tedlar bag
and analyzed with a gas chromatograph.
2.3. Experimental results
2.3.1. Characterization of RDF

The result of elemental analysis is shown in Table 2.
The proportion of carbon in RDF was high since it had
paper, wood, food and plastics in RDF.

Table 2 Constituent elements of RDF pellets

Ash (%)
0 o,

C(%)  HE) N SO O()  orion
56.3 8.41 1.09 0.33 254 846

2.3.2. Gasification experiment of RDF

The carbon material balance was 96.7%, so most of the
carbon in the sample could be gasified. The syngas
consisted of hydrogen, carbon monoxide, carbon
dioxide and many other hydrocarbons. The composition
and amount of production of syngas were shown in Fig.
1. It can be seen that 32.0% was hydrogen and 38.7%
was carbon monoxide in the syngas, so useful gases
could be recovered from NTU solid waste by

gasification.



1200
1000 r
800
600
400
200

Syngas amount (cc/g)

Fig. 1

(The amounts of other hydrocarbons were very small.)

Production amount of each syngas

3. In campus and domestic level

We carried out a gasification experiment of RDF
pellets brought back from Singapore in Okayama
University using a semi-batch reactor. The effect of the
catalyst on the gasification experiment was evaluated.
3.1. Experimental method
3.1.1. Catalyst preparation

The iron oxide- cerium oxide catalyst was prepared by
co-precipitation method. First, Fe(NOs); * 9H,O .
Ce(NOs); « 6H,0 aqueous solutions were added to a 7
wt%NH3 aqueous solution as a precipitating agent, and
the mixture was stirred and decanted until pH = 7.
Thereafter, it was filtered, dried at 11001 for 24 h, and
calcined at 7000] for 1 h. The composition of the

prepared catalyst was 10 mol%Fe>O3 and 90 mol%CeO..

The average diameter of particle was adjusted to 300-
450 nm and used for the experiment.
3.1.2. Characterization of catalyst

The crystalline phase of the catalyst was determined
using X-ray diffraction method (XRD). The specific
surface area was evaluated by the BET method using an
N> adsorption apparatus (Gemini 2375, SHIMAZDU).
3.1.3. Characterization of RDF

Thermogravimetric analysis (TGA) was performed to
investigate the thermal decomposition characteristics of
the RDF pellet. The experiment was carried out under a
nitrogen atmosphere (high purity Nz: 200 cc/min).
Before the experiment, the sample was dried under the
condition of 11001, 1 h. After drying, the sample was
heated to 8501 at a heating rate of 7[1/min and the
weight loss of the sample was observed.
3.1.4. Gasification experiment of RDF

40

The gasification experiment was carried out using a
semi-batch reaction equipment. RDF and catalyst were
filled in the reactor, and N, gas including steam was
flowed there. The gasification experiment was carried
out under a reactor internal temperature of 200 to 85001,
under atmospheric pressure and steam. The syngas was
recovered in a tedlar bag and analyzed with a gas
chromatograph.

3.2. Experimental results
3.2.1. Characterization of catalyst

The prepared catalyst had a crystal structure as shown
in Fig. 2. Since the amount of iron nitrate used was small,
only cerium oxide was detected as a peak. The specific

surface area was 44.9 m%/g.
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Fig.2 XRD result of the catalyst
3.2.2. Characterization of RDF
The TGA result of RDF pellets is shown in Fig.3.
From the figure, two-stage decomposition was
confirmed. This is because the RDF pellet is composed
mainly of biomass and plastic. Biomass decomposes in
the range of 200-4001(1, plastics decompose in the range

of 400-500(7.
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Fig.3 Weight loss rate at each temperature of RDF



3.2.3. Gasification experiment of RDF

The composition and amount of production of syngas
are shown in Fig. 4. By using the catalyst, the amount
of hydrogen and carbon dioxide produced increased. On
the other hand, that of hydrocarbons decreased. We
thought two reactions were promoted (1) biomass and
tar decomposition reaction, (2) water gas shift reaction

by the catalyst. The reactions are expressed as follows.
C 2HnOx+ (n-k)H,0 — nCO + (n—k+%)H2 (1)

CO + H,0 2 Ha+ COz @
The carbon balances were 95% and 82% respectively
in the absence and presence of catalyst. Most of the
carbon in RDF could be recovered in syngas. The ratio
was higher in the absence of the catalyst. It was thought

that carbon was precipitated on the catalyst surface
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Fig.4 The amount of each syngas in the presence and
absence of catalyst
4. Conclusions
The following results were obtained from RDF
gasification experiment at Nangyang Technological
University and Okayama University.
® The possibility of reuse of combustible solid waste
by gasification was suggested
® Most of the carbon in the RDF was gasified and it
was able to obtain as CO, CH4 and so on
® The selectivity of hydrogen could be increased by
using 10Fe-90Ce catalyst
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Table 1 RDF D#k
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Project report

Study on gasification treatment of combustible solid waste in Singapore

1. Introduction

Research on gasification to obtain flammable gas from
biomass samples has attracted attention. Gasification is
the process of converting organic materials and
fuel

monoxide and carbon dioxide. These syngas are

chemical materials into hydrogen, carbon
extremely useful because these can be used for power
generation, FT synthesis that produces clean sulfur-free
gasoline, fuel cells that are expected to increase in the
future.

In Singapore, about 60% of general waste is recycled.
However, among the remaining 40%, which can’t be
recovered by heat are landfilled in Semakau Island. The
land area in Singapore is small, so how to reduce landfill
waste is an issue, and research on gasification is being
conducted as one of the possible solution. Therefore, at
Nangyang Technological University, the gasification
experiments are conducted using waste generated
within the university as a combustible solid fuel.

In this project, we conducted gasification experiment
in Singapore using solid waste. We also carried out the
gasification experiment at Okayama University with our
laboratory experimental equipment using that same
sample collected in Singapore.

2. International level
2.1. Visit to Nangyang Technological University

We visited Nangyang Technological University (NTU)
in Singapore. We also carried out gasification
experiment at Residues & Resource Reclamation Centre
(R3C) in the Nanyang Environment & Water Research
Institute (NEWRI).

2.2. Experimental method
2.2.1. Sample preparation

The sample was prepared with actual garbage
components in NTU. The prepared sample was crushed
and pelletized and used for the experiment. Table 1

shows the composition of RDF pellets. Elemental

Graduate School of Environmental and Life Science
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analysis was also performed for the RDF pellet. These
pellets were brought back to Okayama and used for

experiments.

Table 1 Composition of RDF pellets

| Category | Plastic | Paper | Textle | Wood | Food | Horticultural
o0,
{d:t B:;,is) 35.0 23.0 7.7 6.9 16.0 1.4

2.2.2. RDF gasification experiment

Gasification experiment was carried out using a
tubular-flow reactor. RDF was continuously introduced
at a rate of 6.29 g / min, and at temperature of
gasification was 85007, under atmosphere pressure and
water vapor. The syngas was collected in a tedlar bag
and analyzed with a gas chromatograph.
2.3. Experimental results
2.3.1. Characterization of RDF

The result of elemental analysis is shown in Table 2.
The proportion of carbon in RDF was high since it had
paper, wood, food and plastics in RDF.

Table 2 Constituent elements of RDF pellets

Ash (%)
0 o,

C(%)  HE) N SO O()  orion
56.3 8.41 1.09 0.33 254 846

2.3.2. Gasification experiment of RDF

The carbon material balance was 96.7%, so most of the
carbon in the sample could be gasified. The syngas
consisted of hydrogen, carbon monoxide, carbon
dioxide and many other hydrocarbons. The composition
and amount of production of syngas were shown in Fig.
1. It can be seen that 32.0% was hydrogen and 38.7%
was carbon monoxide in the syngas, so useful gases
could be recovered from NTU solid waste by

gasification.
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(The amounts of other hydrocarbons were very small.)

Production amount of each syngas

3. In campus and domestic level

We carried out a gasification experiment of RDF
pellets brought back from Singapore in Okayama
University using a semi-batch reactor. The effect of the
catalyst on the gasification experiment was evaluated.
3.1. Experimental method
3.1.1. Catalyst preparation

The iron oxide- cerium oxide catalyst was prepared by
co-precipitation method. First, Fe(NOs); * 9H,O .
Ce(NOs); « 6H,0 aqueous solutions were added to a 7
wt%NH3 aqueous solution as a precipitating agent, and
the mixture was stirred and decanted until pH = 7.
Thereafter, it was filtered, dried at 11001 for 24 h, and
calcined at 7000] for 1 h. The composition of the

prepared catalyst was 10 mol%Fe>O3 and 90 mol%CeO..

The average diameter of particle was adjusted to 300-
450 nm and used for the experiment.
3.1.2. Characterization of catalyst

The crystalline phase of the catalyst was determined
using X-ray diffraction method (XRD). The specific
surface area was evaluated by the BET method using an
N> adsorption apparatus (Gemini 2375, SHIMAZDU).
3.1.3. Characterization of RDF

Thermogravimetric analysis (TGA) was performed to
investigate the thermal decomposition characteristics of
the RDF pellet. The experiment was carried out under a
nitrogen atmosphere (high purity Nz: 200 cc/min).
Before the experiment, the sample was dried under the
condition of 11001, 1 h. After drying, the sample was
heated to 8501 at a heating rate of 7[1/min and the
weight loss of the sample was observed.
3.1.4. Gasification experiment of RDF

48

The gasification experiment was carried out using a
semi-batch reaction equipment. RDF and catalyst were
filled in the reactor, and N, gas including steam was
flowed there. The gasification experiment was carried
out under a reactor internal temperature of 200 to 85001,
under atmospheric pressure and steam. The syngas was
recovered in a tedlar bag and analyzed with a gas
chromatograph.

3.2. Experimental results
3.2.1. Characterization of catalyst

The prepared catalyst had a crystal structure as shown
in Fig. 2. Since the amount of iron nitrate used was small,
only cerium oxide was detected as a peak. The specific

surface area was 44.9 m%/g.

5000

S 4000
=

= 3000
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50
20 (degree)

100

Fig.2 XRD result of the catalyst
3.2.2. Characterization of RDF
The TGA result of RDF pellets is shown in Fig.3.
From the figure, two-stage decomposition was
confirmed. This is because the RDF pellet is composed
mainly of biomass and plastic. Biomass decomposes in
the range of 200-4001(1, plastics decompose in the range

of 400-500(7.
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Fig.3 Weight loss rate at each temperature of RDF



3.2.3. Gasification experiment of RDF

The composition and amount of production of syngas
are shown in Fig. 4. By using the catalyst, the amount
of hydrogen and carbon dioxide produced increased. On
the other hand, that of hydrocarbons decreased. We
thought two reactions were promoted (1) biomass and
tar decomposition reaction, (2) water gas shift reaction

by the catalyst. The reactions are expressed as follows.
C 2HnOx+ (n-k)H,0 — nCO + (n—k+%)H2 (1)

CO + H,0 2 Ha+ COz @
The carbon balances were 95% and 82% respectively
in the absence and presence of catalyst. Most of the
carbon in RDF could be recovered in syngas. The ratio
was higher in the absence of the catalyst. It was thought

that carbon was precipitated on the catalyst surface
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g
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s
i

H2 co CH4 co2 C2H4
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Fig.4 The amount of each syngas in the presence and
absence of catalyst
4. Conclusions
The following results were obtained from RDF
gasification experiment at Nangyang Technological
University and Okayama University.
® The possibility of reuse of combustible solid waste
by gasification was suggested
® Most of the carbon in the RDF was gasified and it
was able to obtain as CO, CH4 and so on
® The selectivity of hydrogen could be increased by
using 10Fe-90Ce catalyst
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AHH, RO NF—FTEIIHE ERDIHORT TEBY, ZOFEFILSZ IV —EEELI B0
N5, 29 LEREOT, BEOBBIULARE A L2 WK R ESCERE L Vol A ATE=
ANF—IZLDHEEITZ Y - TREICRWE Sh, BIEHARENENALLOEREZR2NTWNDS. £
AT L CTH = R X —H M OME - R bITONL TS, T THLEEWAM N L-XEIX, Z0aEH
DFr78 0TI ALILy 35 THLDNL T D BEFEM B D270 3 % T & DI AR T bl TV 5.

B OAIER %2 B LWF5Ep & LC, ¥ AR —/LClx RDF(Refuse Derived Fuel) & FEiEH %
TEBEFED D H ZALIZI D fLA T WD T2 b &1L, AR L OMEABRER D RFEME 2 KT, —{bR
RV HAERT 70RO ETHY, EEEEN/NSWFEETITHEOSLTLHREEYMZ VD)
DT REEE ST s,

U AR VOESLKFED 15T D miER T K% (Nanyang Technological University, NTU) i, 5g
OFERERAZ T, B OBRMEO T, BAHEN SN TS, TO—8RE LTRKETIE, Fv¥ /52
WTHAE LTZBEIEM D& RDF XLy b &2ARERR L, T AMEFEREZIT> TV 5.

BUERA L RF DM BHIE 7 N — T8N T, N A~ RGNS FRIET R 2558 E2IT>T\WD Z
b, K7u =7 FTIETAEIIZER & N EREREIZET 2 A 20 27290 NTU 255/
L7z, EHIENTUDLREIZEDLIRY, FMILKRFHICB O THIREBED FEER 21T\ F N F 055 o Lk
AEITo .

2. EEEEE
2.1.NTU 5[

NTU (235 1) 2 FETEBR B K ALBEAF 22 AT (Nanyang Environmental & Water Research Institute, NEWRI) % /5 Y]
L, R3C(Residues and Resource Reclamation Centre) & M:(E41 5 4 AL fitiak THEEBRZ 1T - 7.

2.2. ZRFIR
2.2.1.RDF _L v hOFH
NTU = > S ANTRA LIZREED & Tablel RDF <L kOHAL
B2 L, SR s EhR X% XL v MIRIC Category Plastic | Paper Textile Wood Food | Horticultural
R Lz, 0%, Fprith 17 - 7. (dr;‘“sz‘sis) 350 | 230 7.7 6.9 16.0 114

RDF ~ U v h O#EAkIX Table 1 (2R,
2.22.RDF XL v FDH A{L(NTU)

H 2 IFE R S S 2 W T T2 72, Ss#sZ RDF XL v b % 6.29 g/min TERAICHERAL, Bt
PRNTEEE 850°C, K&TE, KERL T TEBRLE. HAUICE > THBEEERITIT RS —"y 7 1ZEIL, &
A< NI T 40— HNTHNE{To 7.
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2.3. EBRER
2.3.1. RDF R v O

THEOMIZ LV, RDF <Ly DK THEDOE Table2 RDF <L v hOHKIEE

FEPE L. Z0f DIRFNE %
7@4%@%‘ Lf‘ ZORERZL DRFENEF LT e wmE | s s | o A855I?)[°é]
WA Z EMNFERTX . 2R IS T

) } i 56.3 8.41 1.09 0.33 254 8.46

F oI NAFTANGENLTNDZ ENEEL
TW5,

2.3.2. B\ FREFIERTAM

EN\EE 55y HT(Thermal Gravimetric Analysis, TGA)IZ X ¥, RDF @ oo |
Uy FOBSREEZTAN. 110 °C, Lh O TR E 2
HER ST, HHETINA T (EHUE Ny 200 colmin), S g O [ < q
7 °C/min T 800 °C & CHIE S Wilklo E a2 8122 L. g 0
fifeZ FiglITRd. Figl £V, “BEBOSMAHERSNIZ. 2 o0 o
ZHIXRDFE XLy FRFEICARAAS IR LET T RAF v 7 THERK 0 200 400 600 800 1000
ENTWDZ EICHKT 5. 200-400 °C DOHLPH T/NA A~ A _ Ter?perature (°§)
23, 400-500 °C D#iFATT' T AF v 7 W+ 5. F'géiﬂ ; Elji;yﬁ;figg .
2.33. T RLER

B AN £ o B DR ADEE
PRI 96.7% & 72 1), RDF Ly S o | :
FRDIZE A EDRFEDG AT AL
i Xtz DOfEL & ARk E & Fig.2 12

®
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3. Hug/ZENEY
NTU 2> 6 b - 7232 5 2L &4, NTU & 1L KRS T EBREE R o igfmat 21772,

3.1. EBRFIR
3.1.1. RDF XLy b D A k([ LK)

MHFZERICBW T, ARG RS2 E AW TiTo 7. S 12# 0.01609 O RDF XL v k%
FeH LA AL Uiz, F AL Tl 2 A= h 2k biTo 7. S Amif 222 [EE, 7 K7 — 3y
IR L, AR a~v NI 7 4 —%RANTHirEiTo7z.

3.1.2. flOFAR

ARERTIIARFE DA R & 415 10Fe-90Ce filthi - L 7=. FHEFIEIL, Fe(NOs)s & Ce(NOs)s
ZiA A KT TIRA L, WEMZ 58, 110 °C T 24 h Foff S B [EA D 10Fe-90Ce filifit 4 157

10Fe-90Ce fit DM IC LV, LLITF D 2 RGeS % .

- Biomass and Tar decomposition reaction: CyHmOxk + (n-k)H2O — nCO + (n-k+0.5m)H;
- Water gas shift reaction: CO + H,O 2 H, + CO;

o1
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Project report
Study on gasification treatment of combustible solid waste in Singapore
Graduate School of Environmental and Life Science
48429370 Yoshimasa FUJISADA

1. Introduction

Today, the world's energy demand continues to grow steadily, it will be further increased in the future. Under these
circumstances, power generation using renewable energy such as solar power generation and wind power generation
that does not use fossil fuels when generating electricity is considered clean and environmentally friendly, and various
countries around the world are working on spreading them. In parallel, there is also research and development of new
energy technology. Especially research on power generation using waste has been conducted recently because it not
only makes effective use but also leads to a reduction in the amount of waste landfilled at the final disposal site.

As a research example for effective utilization of waste, Singapore is working on gasification of solid waste called
RDF (Refuse Derived Fuel). Also, gasification is a thermochemical process that converts organic- or fossil fuel-based
carbonaceous materials into carbon monoxide, hydrogen and carbon dioxide. In Singapore where land area is very
small, how to reduce landfill waste is an issue.

Nanyang Technological University (NTU), one of the national universities in Singapore, has been studied in
advanced equipment to solve the problems above-mentioned. As part of that, RDF pellets are made from waste
generated in campus and gasification experiments are carried out at the university.

Currently, our laboratory is studying to obtain combustible gases from biomass resources, so this project visited
NTU to investigate gasification research and efforts on environmental preservation. Furthermore, we brought samples

from NTU and performed similar experiments at Okayama University to compare and examine the results.

2. International practice
2.1. Visit NTU

We visited Nanyang Environmental & Water Research Institute (NEWRI) in NTU and performed an experiment at

a gasification facility called R3C (Residues and Resource Reclamation Centre).

2.2. Experiments
2.2.1. Preparation of RDF pellets

Waste generated from NTU campus was Table 1 The composition of RDF pellets

collected, it formed into pellets after crushed | Category | Plastic | Paper | Textle | Wood | Food | Horticultural
. .. wt.%

and dried. Then, the characteristics were (dry basis) 35.0 23.0 7.7 6.9 16.0 11.4

evaluated. The composition of RDF pellets is

shown in Table 1.

2.2.2. Gasification of RDF pellets (at NTU)
Gasification was carried out using a continuous reactor. RDF pellets were continuously added to the reactor at 6.29
g/min, and the reactor temperature was 850 °C, and experiments were performed under atmospheric pressure and

water vapor. The obtained gas was recovered in tedlar bag and analyzed by gas chromatography.
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2.3. Results
2.3.1. Evaluation of RDF pellets

The content of each element in the RDF pellets was Table 2 The elemental component of the RDF pellet
measured by elemental analysis. As a result, it was C %) H (%] N [%] S [%] 0 [%] Asssr(m)[jé]

confirmed that much carbon was contained. This is
56.3 8.41 1.09 0.33 25.4 8.46

influenced by containing plastic and biomass in the waste.

2.3.2. Pyrolysis character

Pyrolysis character of RDF pellets were examined by Thermal % 004 |
Gravimetric Analysis (TGA). After drying the sample under the g
conditions of 110 °C and 1 h, the temperature was raised to 800 °C at g 002 r
a heating rate of 7 °C/min under a nitrogen atmosphere (High purity = 0 |
N2: 200 cc/min), and the weight loss of the sample was observed. § 002 : A A A
Results are shown in Fig.1. From Fig.1, two-stage decomposition 0 200 400 600 800 1000

Temperature (°C)

Fig.1 Weight reduction rate of RDF pellet
at each temperature

was confirmed. This result is derived from RDF pellets mainly
composed of biomass and plastics. The biomass decomposed in the
range of 200-400 °C and plastics did in the range of 400-500 °C.

2.3.3. Gasification experiment

The carbon material balance of the syngas 1200

1000 |

obtained by gasification was 96.7%, so most of

800 |
600 |

the carbon in the RDF pellet was converted to

400 | {
200 Other
I .J _i hydrocarbons

O PO R

Syngas amount (cc/g)

syngas. The composition and production mass

are shown in Fig.2. 32.0% of the syngas was

hydrogen, 38.7% of it was carbon monoxide,

Fig.2 Composition and production mass of syngas
and valuable gas could be recovered. g P P yng

3. Region/Campus practice

We brought samples from NTU, performed gasification experiments at Okayama University, and then compared
experimental results.

3.1. Experiments
3.1.1. Gasification of RDF pellets (at Okayama University)
About 0.0160 g of RDF pellets were charged in semi-batch reactor and gasified. Gasification experiment was also

performed with a catalyst. The obtained gas was analyzed in the same way as 2.2.2.

3.1.2. Preparation of Catalyst
In this experiment, we used 10Fe-90Ce catalyst which is effective for hydrogen production. The preparation catalyst
procedure was as follows: Fe(NOs)s and Ce(NOs)s were mixed in deionized water. And the precipitation was
separated, dried at 110 °C for 24 h. A solid catalyst was obtained, which proceeds in the following two reactions.
- Biomass and Tar decomposition reaction: CyHmOxk + (n-k)H2O0 — nCO + (n-k+0.5m)H;
- Water gas shift reaction: CO + H,O 2 H, + CO;
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3.2. Results

The carbon material balance of the
syngas obtained was 95% in the non-
catalytic system and 82% in the
catalytic system, both of which
converted a large amount of carbon in
the RDF pellets into syngas. Fig.3
shows the composition and production

— 1200

i
o
o
o

800
600
400
200

Syngas amount (cc/g

Hz

co
Fig.3

1200
Non-catalytic | © Catalytic: 10Fe-90Ce
g 1000
2 800
3
2 600 f
@
w 400 |
S
€ 200
>
wv
0
CHs  CO; GCiHq H; co CH, CO; GCyHq

Composition and amount of production syngas

of each syngas. In 10Fe-90Ce catalytic system since a large amount of hydrogen was generated, the selectivity of

hydrogen by using the catalyst was improved. In addition, it is considered that the decrease in the carbon material

balance because of the production of a lot of hydrogen with a catalyst.

4. Conclusions

« The possibility of reusing combustible solid waste by gasification was suggested.

» Most of the carbon in RDF could be gasified, and syngas such as hydrogen and carbon monoxide could be obtained.

» The selectivity of hydrogen was improved by using a catalyst for gasification.
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Project report
Current status of import and export of Japanese agriculture

Introduction

Recently, progress of globalization is rapidly in agricultural field too. In this
situation, Japanese government is focusing on agricultural exports. So, in this
project, we studied about export and import of agricultural products in Japan. And

we summarize about current status.

Trend of export value about Japanese agricultural product (Campus)

On July 28, 2017, a Ministry of Agriculture and Fisheries official came to
Okayama University and he had a class about agricultural white paper. In that class,
he explained about Japanese agricultural exports. Recent years, Japanese domestic
market is shrinking by aging and decreasing of population. On the other hands,
world market is expanding by increasing of population and economic growth. So,
Japanese government expect to develop and acquire overseas market and promotes
the export of agricultural products.

Figurel shows 8000
7000

about trend of export
6000 2757 2640

value of Japanese

5000 2337
agricultural products. Exportvalue 4000 1698 L
. (Billionyen) 3000
Export value 18
2000
increasing tendency. 1000
0

Major export
2012 2013 2014 2015 2016

destinations are Hong

Kong, America, China W Agricutural products ® Forest products ™ seafood
and Taiwan. As the Figure 1 trend of export value of
increase is favorable, Japanese

Japanese agricultural products
government set the goal. The
goal of export value is 1 trillion yen by 2020.

Especially, we focused on export of grapes. Because grapes is Special products of
Okayama prefecture. Result from the research, the export value is expanded rapidly
in recent years. Major export destinations are Hong Kong and Taiwan. From this
result, we did hearing survey to know detail status about export of grapes in Osaka

market.
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3. Export agricultural products from Japan to overseas (Domestic)
3.1. Analysis how export influence the price

3.2.

Before going to Osaka market, we analyzed how export influence the price. This
time, we focused on Pione and Shine Muscat which are popular kind of grape. In
Japan, the shipment of grapes increase is middle or end of September. Usually, the
increase of shipment make the price decrease. But the price of grapes in Osaka
market is flat of rising. We thought Mid-Autumn Festival in China might be
affecting. As a result of calculating the linear regression coefficient using the
influence of Mid-Autumn Festival as a dummy variable, it was 38.58 for Pione and
110.41 for Shine Muscat. From this result, we make the model (Fig.2). Vertical axis
is price and horizontal axis is " 1
shipment. And this is demand The

Demand Curve of Domestic. The

shipment is Q1, at that time price is The Demand Curve
of including Domestic

and Export Demand

P1.The increase of shipment make

the price decline. So the shipment

change from Q1 to Q2, price decline
from P1lto P2. Mid-Autumn Festival

The Demand Curve

season, three is a lot of demand in of Domestic

China and Taiwan. It make to shift

P ===

O -—mmmmmm ==

o
o

: 0
time the shipment change from Q1 Figure 2 Rising of price by export

to Q2, price is rise from P1 to P*.

the demand curve upward. At that

Therefore, the export demand has the influence of price.

Hearing survey in Osaka market (2017.12.25)

We did hearing survey Osaka market to know about more detail status of export
of grapes. Grapes for export is about 50%, export value has been increasing trend
in recent years. In addition, new demand from emerging countries such as Vietnam,
Thailand and Singapore is expected. High export demand is high quality grapes.
Especially, appearance and difficulty in shedding is more important. And since
grapes for export are traded at high prices, it became clear that they are increasing
the market price. Grapes are rare for countries importing grapes in Japan,
especially because Japanese ones are of high quality, so many people buy it at high

prices.
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Importing food from overseas(China) to Japan (International)

About the overseas practical training, we are interviewed the food companies for
export of Yantai city, Shandong Province, China. We want to understanding efforts
towards safety food, and to make clear the relations between stakeholders.

About the Outline of interview companies. The location is the Yantai city,
Shandong Province. The company form is the Limited company. The main products
1s the peanuts processed goods. The main export destinations is Japan. About the
interview Target, the company A is the president, the company B is the Chairman

(Also concurrently president).The date of interview is 14th September.

Table 1 Outline of interview companies

A B
location Shandong Yantai Shandong Yantai
Company form Ltd. Ltd.
Main products Peanut processed Peanut processed
goods goods
Major export Japan Japan

destinations

Chairman (Also

interview The president concurrently president)
Target
Date of interview 20177971 4 2017/9/71 3

The Implementation system of China's food safety system is the supreme organ
1s the General Administration of Quality Supervision, Inspection and Quarantine
(CIQ). It is supervison the export and import food inspection.

About the flow of raw materials and goods of company A. In the Figure, the blue
color is in-house check, before the Raw material stock, it is check the Residual
pesticide, and Aflatoxin. Before the Processing, it is check the Residual pesticide and
Chemical substance. Before the Vanning, it is check the color, taste, hardness and
moisture. The orange color is the CIQ check. After CIQ checked, it will be transport
to Japanese food manufacturer through the trading company. The green color is the

Company's responsibility, the dotted line is the Company's Stakeholders.
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CIQ check

-------- N . W Trading T 2Panese
_______ 1.0MP2ANY ™V manufacturer

In-house check items
« Color

+ Taste

+ Hardness

+ Moisture

In-house check
items

- Residual pesticide
- Aflatoxin

In-house check items

» Residual pesticide
+ Chemical substance

Figure 3 Flow of raw materials goods of company A

About the flow of raw materials and goods of company B. The color’ s meaning
1s the same to company A. T he blue color is in-house check, about In-house check,
it is check the Residual pesticide both of the Raw material primary processing plant
and Processing. Before the Vanning, it is check the color, taste, hardness and
moisture. The orange color is the CIQ check. After CIQ checked, it will be transport
to Japanese food manufacturer through the trading company. The green color is the

Company's responsibility, the dotted line is the Company's Stakeholders.

CIQ check

! Raw material |

————————— 1
| Farmer | primary | i Trading N Ja;f)gggse
I e Sompany: § E_ manufacturer

In-house check items
« Color

+ Taste

+ Hardness

« Moisture

Raw material primary
processing plant
check items

- Residual pesticide

In-house check items

« Residual pesticide

Figure 4 Flow of raw materials goods of company B
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About our result of analysis is that for company A and company B, it is most
important to observe the "safety and security" of food. Social contribution is not
important to company. From this Figure, we can see the relationship with the

consumer is the most important to export food company.
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profit safety and security social contribution
mA ®mB

Figure 5 Importance of profit, safety and security, social contribution by AHP method

About the conclusion. For China's export food company, we cleared that the raw
material producer is the contracted farmer. In the company, the raw material was
be stocked, processes and packed. A very strict inspection item is set and checked.

For export food company, it is most important to observe the "safety and
security" of food. The relationship with the consumer is the most important. Social

contribution is not.
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