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Additional technology for improving public understanding on waste-to-
oil technology during public outreach

Background

M.K. Biddinika1, M Syamsiro2, A.N. Hadiyanto2, Z. Mufrodi3, F Takahashi1

Purpose

Reference
•Indrianti Nur, Procedia Social and Behavioral Sciences, vol. 224 (2016) 158–166
•Dhokhikah et al., Resources, Conservation and Recycling, vol. 102 (2015) 153–162 

• In order to improve public awareness and understanding on waste-to-oil technology, a model 
machine for public outreach of pyrolysis technology for plastics waste in small scale has been 
designed

• The model is transported from one community-based waste center (waste bank) into another for 
education and campaign purposes

• The model needs to be complemented by an additional technology to show the whole process 
from plastics waste at its original form

1 School of Environment and Society, Tokyo Institute of Technology, 4259 Nagatsuta Midori Yokohama 226-8503 JAPAN
2 Center for Waste Management and Bioenergy, Universitas Janabadra, Jl. TR Mataram 57 Yogyakarta 55231, INDONESIA

3 Chemical Engineering Department, Universitas Ahmad Dahlan, Jl. Prof. Dr. Soepomo Yogyakarta 55164, INDONESIA

Process comparison

Conclusions and lessons learned

• To complement public understanding on the whole 
pyrolysis process from plastics waste (at original form) 
into oil 

• To improve public understanding on utilization of plastics 
waste 

• To attract more people joining 3R activities in community-
based waste center

Design 

Public outreach activities

• The total dimension of the model is 63 cm x 50.5 cm x 136.5 cm (length x wide x height)
• Gasoline/diesel engine is preferable compared to electric-powered motor for powering the model due to practical consideration of waste bank location
• Initial test result showed the model is capable of 14 kg/hour of shredding capacity (waste material: PET bottles)
• The capacity could be increased by adding more material input as well as using water to push the shredded plastics flowing down
• The selection of gasoline/diesel engine creates more noise during operation whilst verbally explaining how the machine works, which is not so convenient 

for practical education/presentation purpose compared with that of electric motor which emits less noise and exhaust fume

• Syamsiro et al.,  Energy Procedia, vol. 47 (2014), 180-188
• Lim X Le, Lam WH, Energy Policy, vol. 65 (2014), 16-26
• Luthra et al., Renewable and Sustainable Energy Reviews, vol. 41 (2015) 762–776

Fig. 1. Previous/current process: from small-sized 
plastics waste without crushing

Fig. 2. Proposed/future process: from original form of plastics waste then crushing prior to pyrolysis
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Effect of Polymer Treated-Fly Ash Amendment on Water 
Retention Capacity of Sand

Mengzhu Song��Shenglei Lin��Fumitake Takahashi  

Tokyo Institute of Technology, JAPAN  

Experiment materials�

Experimental results can be concluded that the effect of wet PG-treatment of FA on the WRC of sands was 
negative. Although the WRC of sands can be increased by amending dry-modified FA, the effect is limited. In 
addition, the hysteresis effect should also be concerned. In the natural environment, the rainfall possibly 
could reduce the positive effect of PG-modified FA on water retention of soil afterwards. The effect of PG 
and Cellulose mixture treated FA amendment is positive. Cellulose has a positive effect on the water 
retention.�

Experiment Methods�

Conclusion

Water retention capacity measurement �

WRC measured in this study means water 
evaporation resistivity rather than 
available volumetric capacity for water in 
soil structure. 

 Result and Discussion
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Background�
�  Fly ash recycle�
�  Anti-desertification

Purpose of the study�

�  Utilize FA as the soil water 
holding agent. This may give 
a promising solution of both 
FA recycle management 
problem and desertification 
problem at the same time.
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WRC measured in this study means water 
evaporation resistivity rather than
available volumetric capacity for water in 
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ENERGY RECOVERY FROM EXCAVATED WASTE:
PRELIMINARY SURVEY ON INDONESIAN LANDFILL

BASKORO LOKAHITA & FUMITAKE TAKAHASHI
Department of Transdisciplinary Science and Engineering, Tokyo Institute of Technology, 4259 Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa 226-8503, Japan

INTRODUCTION
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GLOBAL WARMING POTENTIAL (kt CO2)

Methane has 21 times more impact as a 

greenhouse gas than carbon dioxide, any carbon 
conversion or reduction technology will be better.

Cherubini, F., Bargigli, S., & Ulgiati, S. (2009). Life cycle assessment (LCA) of waste management strategies: 
Landfilling, sorting plant and incineration. Energy, 34(12), 2116-2123.

OBJECTIVE
The objective in this preliminary study is to 
conduct field survey in target landfill site. The 
data we gathered from interview and literature 
review.

1. Identifying Landfill Profile and Site Map

2. Identifying amount and composition of input 
waste

3. Identifying potential environment impact 
from landfill operation 

4. Explain the concept of Landfill mining for
energy recovery

DISCUSSION

Food Waste
36%

Garden 
13%Paper

8%

Wood & straw 
1%

Textile 
9%

Nappies 
5%

Sludge
0%

Plastic 
16%

Metal 
1%

Inert 
6%

Industrial waste 
5%

COMPOSITION OF WASTE GOING TO THE 
LANDFILL (2017)

Total Area : 46Ha
Waste  Dumped : 850 
ton/day

From resistivity analysis, it 
shows that the leachate has a 
tendency to move south, and 
leakage was found in the 
riverbank. The river nearby 
the landfill is being used for 
drinking water intake by 
Semarang City Water Agency. 
(Prapitari and Yuliato, 2013)

EXCAVATION SORTING SHREDING DRYING HOMOGENIZATION GASIFICATION SYNGAS GAS 
TURBINE ELECTRICITY

PRETREATMENT CARBON NEUTRAL ENERGY CONVERSION

THE CONCEPT

METAL AND
RECYCLEABLES

SLAG AND 
ASHES

Reclaim the land
use of landfill could
raise the value of
the property up to

12.9%

Indonesia is one of the
country which gives incentive
to electricity producer from
waste. The National Electric
Company is obligated to buy
the generated electricity with
special price up to 22.43
USD/kWh

Excavated waste is very 
heterogeneous, thus, 
homogenization is 
necessary to control the 
feed for thermochemical 
plant.
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In Japan, waste separation has been implemented
over 40 years. There are 5 main types of wastes:

#$%&'()�*+

We always use trash
bins (trash containers)
to collect our wastes in
private/public place.

I

An important social 
infrastructure

,:�;)+)<)'=
Web questionnaires+

;
Thurston’s law of comparative judgement

Relative degree of preference 
degree(adjusted Z values) of each 
object(trash bin)can be calculated 
from all selection ratio data.
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Gaussian normal distribution
mean=0 variation=1

Selection ratio

Binary pairwise comparison method

Selection ratio Preference degree(Z value)
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Equilibrium and Kinetic Studies on Biosorption of Mercury Equilibrium a
(II) ions by 

and Kinetic Sum a
y y Cladophora

Studies onic S
aa sp. algae

Rosamond Tshumah-Mutingwende¹, Fumitake Takahashi¹, Ewa Cukrowska² and Julien Lusilao-Makiese²
¹School of Environment and Society, Tokyo Institute of Technology, Japan 
²Molecular Sciences Institute, University of the Witwatersrand, Johannesburg, South Africa

Objectives

-To optimize process
parameters

-To study the equilibrium
and kinetic models for the

adsorption of Hg on Cladophora sp.
algae

Effects 
Hg 

pollution

• Algae sampling
• Cleaning
• Characterization

• Algae culture
(2-3 days)

• Acclimatizatio
n in distilled
water (1 day)

• Heavy metal
analysis

• Hg²⁺ : FI-CVAAS
• Fe²⁺,Cu²⁺˃,Zn²⁺&

Co²⁺ : ICP-OES

Methodology

• High operational
and maintenance
costs

• Energy intensive
processing

• Residual metal
sludge disposal

• Low cost
• Availability in 

every season
• Eco-friendly

• Require more land
area

• Limestone
armouring,
lowering efficiency

Passive treatment

Conventional 
treatment

Algae

• Ease of 
identification

• High metal 
removal efficiency

• More than 99 %  Hg adsorption was observed at 
1.0 mg l , pH 3 within the first 5 min of contact 

and equilibrium was attained after 10 min.
• The presence of competing cations reduced 

the  extraction efficiency to a maximum of 
67% after 60 min

• Kinetic studies showed the pseudo 2nd

order model is the most suitable 
kinetics model for the adsorption of 

Hg on Cladophora sp. algae 
chemisorption is the rate limiting 
step

• The Langmuir equilibrium
isotherm model showed 

the best correlation with 
R

Effect of contact time

Effect of competing cations

TABLE 1: COEFFICIENTS OF THE 
LANGMUIR AND FRENDULICH 

EQUILIBRIUM  MODELS

• The Langmuir equilibrium isotherm model best described the results
with a R² =1 compared to R² =0.02 for Freundlich model

• The calculated equilibrium maximum adsorption capacity =1010 mg kg⁻¹

Results & Discussions

Conclusions

• Predominance of the carboxyl
functional groups at low pH

• Decrease in H⁺ ions (less
competition for binding sites) and
combination of precipitation and
adsorption can be attributed to the
high adsorption capacity at pH 8.5

• Increasing number of Hg²⁺ ions in
solution competed for the finite
number of binding sites on
Cladophora sp. surface

• A maximum adsorption capacity of
805 mg kg-¹ was observed at an
initial Hg concentration of 1.0 mg l-¹
and optimum pH 3

Effect of pH

Effect of concentration

Background

PSEUDO  2ND ORDER MODEL

• Batch adsorption
tests performed in
triplicates

• Control was setup
in all the batch
tests

INTRA-PARTICLE DIFFUSION   MODEL

pseudo 2nd

able 
rption of 
e 
ting 

Contact ] Fumitake 
TAKAHASHI, Ph.D.    School of 
Environment and Society, 
Tokyo Institute of Technology
G5-13, 4259, Nagatsuta, 
Midori-ku, Yokohama, 226-
8503, JAPAN / Tel: 
+81.45.924.5585 /    E-mail:  
takahashi.f.af@m.titech.ac.jp

• C ≠0 pore diffusion is not the
only rate-controlling step

• Two distinct regions—the
initial pore diffusion due to
external mass transfer effects
followed by the intra-particle
diffusion

• Pseudo 2nd order
mechanism was
predominant

• chemisorption is the rate
limiting step

• Rapid decrease 
in solution Hg 
concentration 
within the first 

5 min



Correlation analysis of major elements in fly ash particles from 
fluidized bed thermal treatment of municipal solid waste incineration

Astryd Viandila Dahlan 1, Hiroki Kitamura 1, 2, Yu Tian 1, Hirofumi Sakanakura3, Fumitake Takahashi 1
1 Global Engineering course for Development, Environment, Society, School of Environment and Society, Tokyo Institute of Technology
2 Research Fellow of Japan Society for the Promotion of Science (JSPS)
3 Center for Material Cycles and Waste Management Research, National Institute for Environmental Studies, Japan

Background Methodology

Surface elemental 
concentrations of 100 fly ash 
particles measured by SEM-EDS

Surface elemental 
concentrations of each fly 
ash particles measured by 
SEM-EDS

ntal 
ns of each fly 

s measured by 

Municipal Solid 
Waste (MSW) in 
Japan. 

Secondary pollutant 
from incinerator : 
bottom ash and fly ash

80% from total MSW 
are treated by 
incinerator 

Results

Conclusion

to investigate the correlation 
major elements in fly ash 
particles from fluidized bed 
incinerator

In this study, we focused 
on certain sections of 
fly ash particles on which 
silicate (Si) and aluminum 
(Al) were detected in higher 
concentrations than other 
particles.

MSW incineration fly ash particles 

consist of NaCl/KCl-base surface, 

Al/Ca/Si-base inner matrices, and 

Si-base cores with complex 

structures. 

Al-rich regions in Al/Ca/Si-base 

inner matrices include less
amount of calcium and chloride.

Si-rich regions in Al/Ca/Si-base 

inner matrices also include less
amount of calcium and chloride. 

silicate (Si) and aluminum (Al) has negative correlation with calcium (Ca) and chloride (Cl)

Although sufficient number of observations and measurements are necessary, correlation analysis of major elements and metals of micro sections of fly ash particles might be useful 
to investigate elemental compositions of amorphous phase in fly ash particles

OBJECTIVE



Coal-alternative fuel production from municipal solid wastes using hydrothermal 
treatment technology under uncertainty in Zimbabwe

Coal alternative fuel production from mu

Municipal solid waste (MSW) management in Zimbabwe is 
substandard. Power generation is very poor due to unreliable coal 
supply & other factors. Hydrothermal treatment technology can 
convert MSW into a coal-like fuel. However, the amount 
of MSW & subsequent hydrochar that can be produced is
largely unknown because waste collection data is not 
available. The objective of this study is to quantify the 
whole range of MSW generated & hydrochar that can be
expected from Zimbabwe’s urban areas using Monte  
Carlo Simulations

Using reported per capita MSW generation values, MSW 
characteristics and HTT data, a probability distribution model 

was developed on an Excel sheet equipped with Palisade’s 
@RISK software. @ RISK is capable of performing Monte Carlo 

simulations. Probability distributions were fitted into 
results and used in the simulations. Hence for the 

MSW generated, it calculated 50 thousand 
unique “what if” cases, 

storing the inputs & results of each calculation
as individual scenarios or iterations. 

Andile B. Maqhuzu, Kunio Yoshikawa, Fumitake 
Takahashi  

Tokyo Institute of Technology

Andile Blessings Maqhuzu is a second year Master Course Student in the Department
of Transdisciplinary Science and Engineering, Tokyo Institute of Technology, Japan. He is
in the Global Engineering for Development, Environment and Society graduate program.
His research interests cover value-added treatments of wastes, landfill disposal &
biomass-to-energy. He belongs to TAKAHASHI LAB.

A 90% confidence interval estimate of the 
MSW generation rate is 0.56-1.45 million 

Mg/yr. From this, an annual mean of 0.40-1.24 
million Mg of can reasonably be expected to be 

collected to produce biochar.

The quantity of hydrochar that can be expected from the 
collected from the MSW is 0.21-0.72 million Mg/yr at a 90% 

confidence interval. The calorific value of the MSW is 
estimated to lie between 9.3-17.8 MJ/kg. The energy content 

that can be exploited from this converted MSW (to 
hydrochar) is 4.84-17.9 PJ annually

The stochastic methodology for estimating MSW generation and hydrochar production avoids
the limitations of deterministic estimates as it paints a more clearer picture of all possible
outcomes. Most of the data required to determine the waste quantities generated is
stochastic in nature, and often such data is not recorded on the ground level by local
authorities. Further research on the economic viability of biochar production to ascertain the
level of business success from biochar production is needed.

The
the
outc
stoc
auth
leve

� Poor MSW management
� Leachate contamination
� Toxic & odorous emission
� Risk of fire in landfills
� Power deficit
� Coal supply unreliable
� Hydrothermal Treatment Technology (HTT)
� Waste to biochar

� Stochastic Modelling
� Risk Analysis

� Monte Carlo Simulations
� Probability Distribution

� Distribution fitting
� @RISK plugin software

� Microsoft Excel


