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Background
Bioenergy has been recognized as a key contributor to a sustainable society because of annual great yield of biomass and biomass waste. Biomass can

be converted to heat, electricity or fuels through different approaches including direct incineration, liquefaction, pyrolysis, gasification and anaerobic
digestion. Compared with these conventional ways, fuel cells can convert biomass to electricity with higher energy efficiencies.

A novel liquid catalyzed fuel cell (LCFC) was also proposed with the assistance of polyoxymetalates (POMs), and it performed well in generating
electricity with nature polymeric biomasses. LCFCs share a similar structure with liquid redox fuel cells, and POMs work as both homogeneous catalysts
and charge carriers in catholyte and anolyte.

The conversion from biomass to electricity in a LCFC includes three main steps13. Biomass was first oxidized by a type of POM (noted as POM-I) in
anolyte, and then the reduced POM-I was re-oxidized during the cell reaction between anolyte and catholyte. In catholyte, oxygen was directly supplied or
another kind of POM (noted as POM-II, relatively higher electrode potential than POM-I) was used as the electron carrier between oxygen and cathode.
POMs are fine catalysts for the oxidation of biomass and the hydrolysis of macromolecule organics. Moreover, unlike other fuel cells, LCFCs use POMs for
homogeneous catalysis instead of loading noble metal catalysts and they are insensitive to most contaminants. The current LCFCs use POMs as catalysts,
which are commonly complex, toxic and relatively expensive.

Hence, in this study, Lewis acids were introduced as co-catalysts, aiming to replace most POMs and also enhance the degradation of complex
carbohydrates.

Methodology
Construction and operation of LCFC. The structure of the LCFC studied
herein combined some features of PEMFCs and redox flow batteries (Fig.).

The anolyte used phosphomolybdic acid (H3PMo12O40, PMo12) or phos-
photungstic acid (H3PW12O40, PW12) as POM-I.

The catholyte used non-Keggin-type molybdovanadophosphoric acid
(H12P3Mo18V7O85, P3Mo18V7) as POM-II.
Characterize the performance of the LCFC. Linear sweep voltammetry
analysis was carried out to check the performance of the LCFC.
Measurement of biomass degradation and products. During continuous
operation of the LCFC, total organic carbon (TOC) of anolyte was analyzed
at intervals using a TOC.

Results and Discussion
Performance of the LCFC using POM as catalysts. The fluctuation of ambient temperature impacted the output power density of the LCFC, because
higher temperatures can accelerate the redox reaction between POM-I and POM-II in the cell. The temperature for POM catalyzed reactions was usually
higher than 60 , and thus the oxidation of biomass was carried out in a water bath of 85-95 while the cell reaction run at ambient temperature of 23-25

in the following tests.
The addition of phosphoric acid increased the proton concentration in the anolyte and enhanced the proton transfer rate, and accordingly increased the

out power density. However, when phosphoric acid concentration reached a high level of 2.0 mol/L, the further increase of phosphoric acid concentration
cannot push the out power effectively. It was mainly attributed to high concentration of phosphoric acid would increase the viscosity of the solution and the
corresponding internal resistance of the cell. Therefore, at most 3.0 mol/L phosphoric acid was applied to the LCFC.

Furthermore, the output power density was also improved with the increasing flow rate of anolyte, because more reduced POM-I flowed past the proton
exchange membrane and the 3D extended electrode in a certain time. In fact, the maximum output power density was almost proportional to the flow rate of
anolyte.

The initial concentration of glucose in the anolyte would directly determine the output power density. The elevation of the initial glucose concentration
improved the output power density significantly, and the relation between glucose concentration and the maximum of output power density almost followed
an apparent linear type. During the same reaction time, the reduction rates of POM-I almost kept unchanged and thus higher glucose concentration
produced more reduced POM-I for the subsequent cell reaction. However, excessive high concentration would result in the precipitation of glucose, and
accordingly increase the internal resistance and even obstructed the cell.
Improve LCFC by using ferric chloride to replace most POM-I. Three Lewis acids were tested including FeCl3, VOSO4 and CuSO4. Their concentrations
were all 1.00 mol/L while the concentration of PW12 was only 0.06 mol/L. The ion pair of Fe2+ and Fe3+ exhibited the best output power density. Moreover,
FeCl3 is the cheapest and easily available. Thus, FeCl3 was used for the further tests.

Five conditions were analyzed including FeCl3 combining PMo12, FeCl3 combining PW12, PMo12, PW12 and FeCl3. The results verified that the
replacement of POM-I by FeCl3 kept the LCFC at the same level.

The improved LCFC can decompose glucose effectively. The improved LCFC can obtain the same performance with the raw LCFC only using PMo12 as
catalyst when they utilized starch as the fuel. For cellulose, the added FeCl3 increased the maximum power density of the LCFC by 57% from 0.46 to 0.72
mW/cm2 and the open-circuit voltage by 18%. The effect of Lewis acids on starch was not exhibited, while the added FeCl3 accelerated the hydrolysis of
cellulose significantly. Besides that, the improved LCFC only need 20% of POM-I compared with the raw LCFC.

For practical application, the current open-circuit voltages (OCVs) were still low, possibly because the crossover of degradation products of biomass or
ferric ions through Nafion membrane. To solve the problem, new types of proton exchange membrane could be applied in the future.
Complete degradation of carbohydrates. The decrease of TOC in the anolyte verified a conversion from soluble biomass (glucose or starch) to carbon
dioxide that escaped to air. In 21 days, more than 93% of glucose and starch were completely decomposed in the LCFC. The redox reaction between POM-
I and glucose or starch was relatively slow. From this point of view, the current density of the cell should be determined by the degradation rate of glucose
or starch. Furthermore, the degradation rates of glucose and starch were almost the same, indicating the hydrolysis of starch to glucose was not the rate-
limit step while the oxidation of glucose was relatively slow. Although the hydrolysis rate of cellulose was obviously slow, the hydrolysate of cellulose is also
glucose and it would be also oxidized completely in the continuous LCFC.

The results showed that there was no glucose in the final anolyte, indicating that all the glucose were hydrolyzed into small molecules or oxidized
completely to CO2 and H2O.

Liquid Fuel Cell Using Polyoxometalates and Ferric Chloride 
as Catalyst for Conversion from Carbohydrates to Electricity

Authors: Fan Xu*, Huan Li*, Yueling Liu** and Qi Jing** 
* Tsinghua Shenzhen International Graduate School, Tsinghua University
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Ammonia-Mediated Bromate Inhibition during Ozonation Promotes
the Toxicity Due to Organic Byproduct Transformation

Lu-Lin Yang*, Qian-Yuan Wu*, Ye Du* 
* Tsinghua Shenzhen International Graduate School, Tsinghua University

•
•

•

Toxicities assessment

•

•

•

•

Environmental Science & Technology 2020 54 (14), 8926-
8937

The ozonation treated simulated drinking water after
being concentrated by solid phase extraction(SPE) was
used to perform toxicity assays.

• Cell: Chinese hamster ovary cells (CHO-k1)
• Cytotoxicity evaluation method : CCK8 detection.
• Genotoxicity evaluation method : DNA damage

pH2AX detection
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Based on aforementioned analysis, the N, S co-doping BC as
supporting is an electron transporter with excellent conductivity,
which facilitates the effective migration of electron-holes and
inhibits the recombination of photogenerated charge carriers (Fig.
4). The enhanced photocatalytic performance is ascribed to the
synergistic effects of Bi2WO6 and NSBC, because of higher
separation and migration efficiency of photoinduced carriers.

Facile assembled N, S-codoped corn straw biochar loaded Bi2WO6 with the enhanced 
electron-rich feature for the efficient photocatalytic removal of ciprofloxacin and Cr(VI)

Authors: Wei Mao 1*, Lixun Zhang 2*, and Yuntao Guan 3*
* Tsinghua Shenzhen International Graduate School, Tsinghua University

Agricultural waste of corn straw produced in 2015 was
almost 1.02 billion tons in china. The direct burning of
agricultural wastes in countryside is now strictly forbidden in
China. Preparing composite matrials using corn straw is
beneficial to achieving the green treatment by reuse of
agricultural wastes based on the concept “waste to resource”.
Biochar (BC) of corn straw is a new way of resource
utilization, and has been extensively studied because of its low
cost, large specific surface area, and high carbon content. N
doping has recently caught the attention of researchers who try
to tune the conductivity of the BC, whereas S doping is able to
stimulate efficient chemical reactivity. Besides, the catalyst
with N, S co-doping exhibited better photocatalytic activity
when compared with those with solely N or S doping because
of a synergistic effect. Herein, incorporating Bi2WO6 into the
NSBC was conducted to build the new structure for the
Bi2WO6/NSBC, in which the NSBC played a crucial role of
transferring electrons and supporting.nsferring electrons and supporting.

The NSBC was obtained by pyrolysis. The Bi2WO6/NSBC
was produced by solvothermal reaction after mixing the
NSBC (Fig. 1).

Fig. 1. Schematic representation of the fabrication of Bi2WO6/NSBC

g

Fig. 2. (a)SEM images of Bi2WO6/NSBC and (b) survey scanning spectra 

With the survey scanning spectra (Fig. 2b), the presence of Bi, W,
O, N, C, and S in Bi2WO6/NSBC3 was displayed.
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Fig. 3. (a) Transient photocurrent responses and (b) ESR spectra of DMPO-
•O2

– for Bi2WO6/NSBC3 under visible light irradiation.

The photocurrent of Bi2WO6/NSBC3 continued to rise and fall
during the cycle without significant deviation, indicating a repeated
photocurrent response (Fig. 3a). In the dark condition, the signal of
the DMPO-•O2

– didn’t appear, which proves that the •O2
– radicals

are not generated in the dark. With the time increase of visible-light
irradiation, the intensive •O2

– signal was observed and increased,
and it is shown that with visible-light irradiation more electrons are
transported to the surface of Bi2WO6/NSBC3 and then reduce O2
into •O2

– (Fig. 3b).

Fig. 4. Mechanism diagram for photocatalytic removal of CIP and Cr(VI) on 
Bi2WO6/NSBC3 under visible-light irradiation.

Flower-like particles were seen in the SEM images of the
Bi2WO6/NSBC3 (Fig. 2a), indicating that the NSBC provides
more active sites for loading Bi2WO6 and also accelerates the
transportation of photoinduced carriers. In this case,
photocatalytic activity was enhanced.
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C-In2O3-P shown lower adsorption rate (≈50%) than H-
In2O3-L and H-In2O3-R (70-82%), while the defluorination
rate of C-In2O3-P is slightly higher than H-In2O3-L and much
higher than H-In2O3-R.

Facet effects of In2O3 on the photocatalytic 
degradation of Perfluorooctanoic Acid

Authors: Wenhui Ding*, Xianjun Tan*, Yuxiong Huang*
* Tsinghua-Berkeley Shenzhen Institute, Tsinghua University

Introduction

Methodology

Results and Discussion

Conclusions

Three types of In2O3 (C-In2O3-P, H-In2O3-L, and H-In2O3-R) were synthesized through hydrothermal method. XRD, SEM,
HRTEM, and SAED were used for material characterization. Photocatalytic experiments were conducted with 20 mg/L PFOA
and 0.5 g/L catalyst mixed together under 254nm UV light irradiation after 30 min’s dark adsorption. HPLC, IC, LS-MS were
used to detect PFOA, F-, and intermediate products, respectively. TBA (tert butyl alcohol) and ammonia oxalate ((NH4)2C2O4)
were chosen as quenching agents to identify the major reactive species through trapping experiment.

Perfluorooctanoic Acid (PFOA) has raised significant health concerns due to its
high ecotoxicological risks and resistance to conventional water treatment
processes. Our previous studies have demonstrated that photocatalytic approach
can effectively degrade PFOA. However, the crystal structure of photocatalysts can
affect the degradation efficiency. In order to reveal such effects, three types of
In2O3 with different facets exposures were synthesized and tested to compare their
distinct behavior in PFOA degradation. This work will provide some references for
photocatalysts design to get higher decontamination efficiency.

Fig.1 Removal rate of PFOA and defluorination rate after 60
min’s irradiation. Adsorption rate refers to the removal rate
of PFOA after 30 min’s adsorption in dark condition.

Fig.2 Side images of (211), (222) lattice planes of In2O3 in
cubic phase (a, b), and (110), (012) lattice planes of In2O3 in
hexagonal phase (c, d)

• Different In2O3 show distinct performance in both
adsorption and defluorination processes

• Facet exposures of In2O3 should be a major factor
for PFOA degradation

Due to the differences of atomic configurations and surface
electronic structure between different crystal facets, the
catalysts with different facet exposures can lead to distinct
photocatalytic degradation performance.

• All In2O3 we synthesized in this study show high adsorption rate (over 50%) of PFOA
• Crystal facets can both affect the adsorption and oxidation reaction during the photocatalytic degradation process of PFOA

Contact us: dingwh19@mails.Tsinghua.edu.cn
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Horizontal and Vertical Distributions of Microplastics in
Chao Phraya River Estuary, Thailand

Phyo Zaw Oo1 Suwanna Kitpati Boontanon2* Narin Boontanon3  Shuhei Tanaka4 and  Shigeo Fujii5
1, 2* Department of Civil and Environmental Engineering, Faculty of Engineering, Mahidol University; 3 Faculty of Environmental and Resource Studies, Mahidol University;  

2*, 4, 5 Graduate School of Global Environmental Studies, Kyoto University

Microplastics (MPs) in aquatic environment are anthropogenic emerging
pollutant and one of the pressing issues to ecosystems nowadays.

Primary Microplastics Secondary Microplastics

Thailand was ranked top six mismanaged plastic waste producers to sea.
Estuaries are identified as MPs hotspots due to discharge of mismanaged
plastic waste transported along with the river discharge.
Distribution pattern of MPs in estuaries is poorly characterized globally,
although it is an extensive nursery ground for the aquatic organisms
between the freshwater, and seawater environments.

INTRODUCTION

Microplastics contamination through the food chain

To investigate the horizontal and vertical distributions of MPs in
Chao Phraya River Estuary, Thailand.

OBJECTIVES 

Sample collection Sample treatment Sample analysis
METHODOLOGY

Manta net (335 µm) Horizontal sample

Vertical samples
(1m and 4m)

Submersible pumps and 
filter bags (330 µm)

Organic digestion
(30%H2O2)

Physical 
characterization

(Microscope)

Density separation
(NaCl solution)

ST1

ST2

Study area

Chemical 
characterization

(FTIR)
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MPs were detected in all samples collected from the study area.
Vertical abundance of MPs at 4m is higher two orders of magnitude than horizontals.
MPs transported along with the river discharged were settled near the river mouth
and resuspended again in water column that caused accumulation of MPs in estuary.
Effective MPs pollution prevention is needed for the aquatic organisms and
connected food chain in the study area.
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RESULTS AND DICUSSION
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Conclusion 

Various types of polymers were found from the
vertical samples at 4m depth than the horizontal
samples especially near the river mouth (ST1).
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Objective
To conduct a participatory workshop about measuring 
fecal contamination by slum residents and evaluate the 
effects of the workshop   

Evaluation of Fecal Contamination and Exposure Action 
Research in A Peri-urban Slum in Lusaka, Zambia

Mayu Tsurumi*, Hidenori Harada**, Chua Min Li*, Sikopo Nyambe***,Shigeo Fujii*, Imasiku Nyambe****, Meki Chirwa****, Taro Yamauchi***
* Graduate School of Global Environmental Studies, Kyoto University

**  Graduate School of Asian and African Area Studies, Kyoto University
***  Graduate School of Health Sciences, Hokkaido University

**** Integrated Water Resources Management Centre, University of Zambia 

Participants residents (around 20 years old)
Day 1 5 people, Day 2 7 people
Indicator coliform group
- Sampling, dilution (SWAB kit)
- culture SHIBATA test paper

General introduction

Make a list & ranking of media

Select media & sampling

Treatment & culture

Day1

Count the results & report

Show the graph from reporting

Compare ranking & results

Set up action scenarios

Estimate & make graph of exposure

Day2

Consider health improvement methods

INTRODUCTION

METHODS

RESULTS & DISCUSSION

CONCLUSION

workshop on fecal contamination survey

workshop program

CONCLUSION

participants’ awareness change from rankings

Validity of participants’ survey results

Acknowledgements This study was funded by KAKENHI 19H02274. We would like to thank study
participants and local partners for their great support in contributing to this study.

Figure 2 faecal contamination level by each media

Figure 1 Day1 & Day2 rankings show the level of risk by participants

study background
Study area: Chawama compound, Lusaka city, Zambia
Date: Oct 26th & 27th 2019

Activities by facilitators

Activities by participants

Day2(measured ranking)
1. Kitchen floor
2. Toilet floor
3. Dumping site
4. House entrance
5. Cup
6. Hand
7. Stagnant water
8. Tap water
9. Ground
10. Uncovered food
11. Well water
12. Water in container
13. Shoes (backside)
14. Laundry water

Day1 (expected ranking)
1. Water in container
2. Uncovered food
3. Unwashed hands
4. Toilet
5. Kitchen Floor
6. Tap water
7. Dumping site
8. House floor
9. Ground
10. Shoes (backside)
11. Well water
12. Laundry water

Direct media Indirect media

participants

VSTest paper results by:

participants researcher

The participants could realize the importance of
fecal exposure by measuring fecal contamination
in their living environment by themselves.

The methodology of this workshop could confirm
participants’ awareness change, but difficult to
discuss the health improvement planning.

researcher

Slum residents have diarrheal risk due to
• Overpopulated
• Poor sanitation condition

Action research is effective 
in health promotion in low-
income settings (Whitehead et al., 2003)

The units are water samples(CFU/ml), floor samples(CFU/100cm²) and cup and hand (CFU/media)

Validity of participants’ survey results
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n=7 n=7 

n=7 n=7 

9.4%R 9.5%R 5.6%R 10.6%R 6.8%R  
2.8%R  

10.9%R  

3.5%R 

16.0%R 6.0%R 6.8%R 4.2%R 

CONCLUSIONS
Unit E. coli E. coli_Cef E. coli_Cip MDR E. coli

CFU/day 5.18E+13 3.53E+12 3.99E+12 1.92E+12

E. Coli

82.3%

E. Coli with Cef

86.5%

MDR E. Coli 

89.7% 

E. Coli with Cip 

83.7%

Occurrence of antimicrobial-resistant Escherichia coli in wastewater treatment 
plants and a fecal sludge treatment plant in Bangkok, Thailand

1Graduate Student, Department of Civil and Environmental Engineering, Faculty of Engineering, Mahidol University, Thailand 2Associate Professor, Graduate School of Asian and African Area Studies, Kyoto University; 1Associate 
Professor, Department of Civil and Environmental Engineering, Faculty of Engineering, Mahidol University, Thailand; 2Local project coordinator, Graduate School of Asian and African Area Studies, Kyoto University;

and 3Professor, Graduate School of Global Environmental Studies, Kyoto University.

Sweattatut Rawiwan1* Hidenori Harada2  Suwanna Kitpati Boontanon3  Wutyi Naing4 Shigeo Fujii5

- Ability of microorganisms (bacteria, viruses, and
some parasites) to stop an antimicrobial treatment.
- As a result, standard treatments become ineffective.

Antimicrobial resistance (AMR)?

How AMR spreading?
OBJECTIVES

• To investigate the city profile of antimicrobial resistant (AMR) E.coli
based on human waste in wastewater treatment plants (WWTPs) and
a fecal sludge treatment plant (FSTP).
• To examine treatment efficiency of  AMR E.coli along a wastewater

treatment process.

Testing of AMR E. coli concentration and collecting isolates for 

- City profile of AMR E. coli

• Influent of WWTPs and FSTP resulted as 3,880 CFU/ml and 3,490 CFU/ml of AMR E. coli in 322,000 m3/day (in average) and 5,000
m3/day, respectively. It indicated that has potential to environmental risk.

• This study was found the treatment efficiency of Chong Nonsi WWTP for AMR E. coli in average was 80%.

- Removal efficiency of AMR E. coli of Chong Nonsi WWTP

A ti i bi l i t (AMR)?
BACKGROUND INFORMATION

MATERIALS AND METHOD

Din Deang WWTP 

Chatuchak WWTP   

Chong Nonsi WWTP 

Target area
Bangkok

- A total of E. coli isolated were resistant with Cefotaxime,
Ciprofloxacin and MDR in influent of WWTPs and FSTP.
- The percentage of resistant E. coli in Ciprofloxacin higher
than Cefotaxime and MDR.

Influent loading of WWTPs in Bangkok City
Unit E. coli E. Coli_Cef E. coli_Cip MDR E. coli

CFU/day of BKK 1.11x1017 1.25x1016 1.72x1016 4.74x1015

Influent loading of Nong Khame FSTP
Population: 8,833,400 capita (Source: BANGKOK METROPOLITAN, 2019) 

Ec: Normal, Cef: Cefotaxime, Cip: Ciprofloxacin, MDR: Cefotaxime, Ciprofloxacin  and Gentamicin 

- Population of Bangkok have produce AMR E.coli and
MDR E. coli in WWTPs and a FSTP showed as in the table.

E.coli and AMR E.coli
colony counting

Sample collections
(a) CHROMagar
(b) CHROMagar + Cefotaxime
(c) CHROMagar + Ciprofloxacin
(d) CHROMagar + Cefotaxime + 
Ciprofloxacin  + Gentamicin (MDR)

Filtration

O.D
measurement

Centrifuge 
pellet

DNA 
extraction 

( )

Whole-genome 
sequencing  

Isolation E. coli 
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AMR E.coli culture on different
4 conditions; (Filter method)  

Antimicrobials
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Antimicrobial resistant bacteria have become a critical 
health concern in the world.

WHO:

Inf     After Aer    After Sed     After Eff

Amount of AMR E. coli and MDR E.coli could removed by treatment process. 
However, the proportion along process can not change by treatment process. 

E. coli E. Coli_Cef E. coli_Cip MDR E. coli
Inf: Influent, Aer: After Aeration, Sed: After Sedimentation, Eff: After Chlorination 

Removal efficiency of A
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Risk assessment for the mercury polluted site near a 
pesticide plant in Changsha, Hunan, China

Authors: Haochen Dong*,**, Zhijia Lin**, Xiang Wan** and Liu Feng** 
* Graduate School of Global Environmental Studies, Kyoto University

** Department of Environmental Sciences and Engineering, Beijing University of Chemical Technology

1. Background
Risk assessment based on the total amount of pollutants is an intuitive and simple method that has been applied to heavy
metal contaminated sites in early stages. However, as with the development of a deeper understanding of environmental
behaviour and ecological effect of pollutants, the inadequacy of this method has become increasingly apparent. Since the
method does not take into consideration the differences in environmental effectiveness and biological availability between
various chemical forms of metals, the method often overestimates the potential risk.

2. Methodology
i) “Delayed geochemical hazard” (DGH) is a kind of serious
ecological and environment hazard caused by long-term
accumulated pollutants including heavy metals and organic
compounds that reactivated suddenly and released sharply from
stable species to active ones in soil or sediment system due to the
changes of physicochemical conditions (such as temperature, pH,
oxidation-reduction potential (Eh), moisture, organic matter
content, etc.) or the decrease of environmental capacity.

ii) We have done lots of soil column experiments simulating
changes of these conditions to investigate the changes among
chemical species of mercury based on Tessier method ( a sequential
extraction procedure method). The result showed the changing
trend is non-linear, and could be explained by digital DGH model.

3. Results and discussion

Max total Hg: 44.3 mg kg-1

Extractable Hg (Tessier method): [5.9,9.7]%

* Peng L, Liu P, Feng X, et al. Geochimica et Cosmochimica Acta, 2018, 224: 282-300.

Y=0.1500X3-0.3491X2+0.5012X (n=20, R2=0.985)  (1)

This is one path of DGH and we used this path to characterize the
studied area, because in this path, chain reactions from HgE+C+F+O+R
→ HgE+C+O would lead to some mobile fractions of mercury when
DGH happens. We let the second derivative of Eq. (1) be zero. Thus,
the calculated TRCPHg is equal to 0.776 mg kg-1.

We fitted all the potential paths of DGH and the calculated TRCPHg
ranging from 0.764 - 0.810 mg kg-1 to give a gist for the assessment.
According the data, the percentage of total Hg beyond TRCPHg in
the study area was 10.5% (ranging from 10.0% - 10.5%) classified
as low-risk for both DGH.

In consideration of the availability of fractions in the Tessier method, 
the path HgE+C+F+O+R → HgE+C+O was used as an example:

10.5% Low-risk
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Exposure risk assessment based on urinary 
bisphenol A levels in the general Chinese population

Authors: Riping HUANG *, Minoru YONEDA *
• Department of Environmental Engineering, Graduate School of Engineering, Kyoto University

• Email: ripinghuang@foxmail.com

Background Methodology

Results and Discussion

Bisphenol A (BPA) is known as an endocrine disrupting
compound that may cause adverse effects on wildlife as
well as human beings. BPA is an industrial chemical
widely used in various products for human purposes,
resulting in its widespread exposure to humans [1]. To
estimate its latest adverse effect on humans, it is quite
important to know its human exposure levels. In order to
evaluate the current exposure risks of BPA to Chinese
population, a simple method was adopted to calculate
BPA daily intake levels of different populations in China
base on their urinary excretions.

Calculation method of estimated daily intake (ng/kg
bw/day) of BPA is shown in equation (1).
EDI=Urinary BPA concentration (ng/mL)*urinary output
(mL/day)/body weight (kg) —— (1)

The results showed that average EDI of infants (sample
size 88), pregnant women (sample size 9163), children
(sample size 5905) and adults (sample size 16655) were
30.92 22.70, 24.85 9.40, 34.13 20.65, 22.48 16.21
ng/kg bw/day, respectively (details were shown in
figures).
Overall, the current average EDIs of BPA among the four
populations are two to three orders of magnitude lower
than the tolerable daily intake dose prescribed by the
United States Environmental Protection Agency (50 μg/kg
bw/day) and the temporary tolerable daily intake provided
by European Food Safety Authority (4 μg/kg bw/day) [1]

suggesting that Chinese population are not at high risk for
BPA exposure.

A systematic review of published literatures was
conducted to collected related data.
In total, 57 studies reporting urinary BPA concentration in
general Chinese were deemed eligible for our exposure
level estimation. The included studies published between
2009 and 2020 covered 31811 urine samples (the sample
sizes ranged from 15 to 3423) from 24 regions. Sampling
time ranged from 1998 to 2019.

Reference: [1] Huang R, Liu Z, Yuan S, et al. Worldwide human daily intakes … and its risk analysis[J]. Environmental Pollution, 2017, 230: 143-152.
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Sewage Sampling Strategy Reflecting the Fluctuation of 
Sewage Characteristics During a Day

Authors: Ryuichi Watanabe*, Hidenori Harada*, Shigeo Fujii*, Nguyen Pham Hong Lien**, Le Van Tuan***
* Graduate School of Global Environmental Studies, Kyoto University

** Hanoi University of Science and Technology    *** Hue University of Science

Background
Sewage 
sample

WWTP construction
Env. risk management
WW mgmt. planning 

Sampling at infrequent intervals
(once/day, semi-daily, semi-weekly…)
Fluctuate of wastewater from house also affect sampling…

Problem: Accuracy of sewage quality estimates 
calculated from measured data = Unknown

Objective: To find a sewage sampling strategy reflecting 
the fluctuation of sewage characteristics 

Conclusion
Results indicated that 
• No difference in accuracy of representative

sewage quality estimation between SS 1 & 2.
• Nighttime samples are not necessary for

increasing the representativeness of the
data.

• SS 3 marked the highest accuracy, possibly
being more effective by relating the peak
time periods to a sample number.

Materials & Methods
Study site: Outlet of a sewer network in Hanoi, Vietnam

200 m

Trucuc BachTruuc BachB

Sewer

Drainage area

Google earth

Truc Bach 
WWTP

Survey duration
12 ~ 20 Nov. in 2019 
(no rainy day)

Sampling parameters
Turbidity & EC by sensors
Data logging every 5 min.
→ 2,800 data each

Results & Discussion
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A
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Get 2 from 
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time
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from 24 hours

Get 1 from 
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C.V. 8.5%
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at x=3
C.V. 5.7%

at x=3
C.V. 6.4%

at x=3
C.V. 6.4%

at x=3
C.V. 5.3%

Distribution of estimated Ave. by SS

• Less difference in
variation of distribution
between SS 1 & 2.
→ Nighttime samples
are not necessary for
increasing the
representativeness of
the sewage data.

• SS 3 marked the
smallest variation of
distribution
( the highest
accuracy sewage
quality estimation).

1. Find a trend of sewage fluctuation by making

distribution of EC & turbidity for each time of 24 h

2. Define the sampling strategies

3. Run the simulation shown below

Observed
EC/Tur. data

Pick up
2 data Estimated

Ave.

Run this simulation by 100,000 times E
st

im
at

ed
 A

ve
.
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Environmental Friendly Biopolymer Membrane 
for Wastewater Treatment 

 Thaneissha Marimuthu *, Nik Meriam Nik Sulaiman * and Ching Yern Chee * 
* Department of Chemical Engineering, Faculty of Engineering, University of Malaya, Kuala Lumpur 50503, Malaysia 

Background 

Membrane technology has been widely developed in
wastewater treatment field due to the exploration of new
membrane materials.

Natural based polymer is an alternative to replace synthetic
polymer based membranes as they are derived from fossil
fuels which brings concern to the effect on environment.

Chitosan derived from crustacean chitin
(crab and shrimp shell wastes) emerges
as potential green candidate for the
removal of pollutants from wastewater.

Methodology 

CS/ 

PEG 
CS 
(%) 

PEG 
(%) 

100/0 100 0 

80/20 80 20 

75/25 75 25 

70/30 70 30 

65/35 65 35 

Results and Discussions 

Table 1 
Composition of CS:PEG 

Macroscopic view of membranes 

a) b) 

Figure 1. Macroscopic view of 
CS/PEG : 70/30 membranes in 
(a) dry and (b) wet conditions

Surface morphologies of membranes 

a) b) c) d) 

Figure 2. Surface morphologies of membranes (a) neat CS, (b), (c) and (d) 
CS/PEG : 70/30 at top, bottom and cross-section respectively 

Porosity of CS/PEG membranes Tensile Strength of CS/PEG membranes 

0

20

40

60

80

100

100/0 80/20 75/25 70/30 65/35

Porosity (%) 

Pure Water Flux 

DSC Analysis 
Conclusion 

In this preliminary study, results demonstrated 
that the incorporation of PEG enhanced the 
porosity, water permeability and thermal 
properties. Future study will include 
reinforcement of filler to improve mechanical 
properties of membranes. Overall, CS/PEG 
membranes can be used as microfiltration or 
ultrafiltration for wastewater remediation.  

Acknowledgement: The authors thank to financial 
support from the Ministry of Education Malaysia: 
(FRGS)-FP053-2015A and GPF033A-2018 
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Introduction of a friendly environmental bio-soil 
method for improvement of landfill liner material

An T.P TRAN 1*, Takeshi KATSUMI 2** and Thanh Nhan TRAN 3* 
* Department of Hydrogeological and Geotechnical Engineeirng, University of Sciences, Hue University

** Graduate School of Global Environmental Studies, Kyoto University

Soil strengthening 
via enhancing the inter-particle bonding of soil

Social and engineering  demand:
A focus to design more secure landfills by improving the
lining and covering systems is the most essential task for
engineers.

Aim:
To introduce a friendly environmental material for the
improvement of bentonite properties used in landfill liners

Introduction

Previous researches on gellan gum-treated soil: Geotechnical Engineering Properties

CoilDouble helical 
structure

Hot

Cool

(Cameron et al., 2013)

Thermal gelation of gellan gum

Its capable of
forming hydrocolloid
gels when mixed
with heated water

Durability under repeated drying-wetting process

Conclusion: Treated specimens show water durability 
better than that of untreated one, but nmax = 1)

4%
n = 1

Drying process
+ Shrinkage occurred uniformly
for gellan gum-treated clay
+ crack formed within untreated
clay

Saturation process
+ Untreated bentonite, and
1% treated clay: decayed
+ others swelled and
returned to their initial sizes

Drying process
Shrinkage, cracks took
place to all specimens

W = 250%;
Gellan gum content: 
0, 1, 1.5, 2, 3, 4 (%)

Specimen size
h = 2cm

d = 4.8 cm

Current research on gellan gum-treated bentonite in Vietnam

Chang et al., 2016

Future study: hydraulic conductivity of gellan
gum-treated bentonite

Water flow control 
via pore-clogging effect
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Indoor PM2.5 Associated with Health Risk at 
Households in Hanoi, Vietnam.

Authors: Tran Thi Hong  Hien1, Vo Thi Le Ha1, Nguyen Thi Thu Hien1,  Nghiem Trung Dung1

1School for environmental Science and Technology, Hanoi University of Science and Technology

5. References
[1] Nuno, R. M., Guilherme, C. G.: Impact of PM2.5 in indoor urban
environment, Sustainable Cities and Society., Vol.42, pp. 259–275, 2018.
2. World Health Organization - Household air pollution and health, World
Health Organization (2018).

2. Methodology
Portable PATs+ and Purple Air-II had been co-located with
Panasonic PM2.5 sensor at S5. The correlation coefficient R2 is
range from 0.86 to 0.94, the adjustment coefficient equivalent is 0.5.

Fig1.  K1, K2, K3 & K4 – four selected places and S5-compared 
monitoring station map in Hanoi

a) Purple Air II   b) PATs+

1. Background
Indoor air pollution has been a major threat to global public
health as people spend much more time in enclosed spaces than
outside. This is particularly the case in urban areas. Roughly 80–
90% of our time spent in indoor spaces and about 6% is spent in
transport [1]. The WHO reported that indoor air pollution leads to
premature deaths for 4 million people each year worldwide. Air
quality in Vietnam has recently deteriorated with the high
concentration of PM2.5, that 60000 deaths from heart disease,
stroke, lung cancer, chronic obstructive pulmonary diseases, and
pneumonia in Vietnam in 2016 due to air pollution [2].

The ILCR value of the
children was the highest in
comparison with the others
and levels of health risk
were moderate.

Health risk adapted by the US EPA toolkit in 2009:
• The daily intake for a person is calculated by the formula:= ⋅ ⋅ ⋅ ⋅ ⋅⋅ ⋅ ⋅
• Incremental Lifetime Cancer Risk – ILCR calculated by

following US Environmental Protection Agency toolkits:

ILCR = DIInhalation x SFInhalation
SF: cancer slope factor (kg.day/mg)

4. Conclusion
High PM2.5 concentration was found in some residential house in
Hanoi and some values exceeded WHO guideline.
ILCR health risks are assessed for the elders, children and adults
posed the moderate risk, and the children are the most affected.

Object DI SF ILCR
Children 0.05 0.00047 2.14×10-5

Adults 0.03 0.00023 6.21×10-6

Elder 0.04 0.00021 7.49×10-6

The objective of this study was to determine the level of 
indoor PM2.5 in Hanoi and estimate the health effects

b)

PM2.5
concentrations were
highest at K3 and
exceeded WHO
guideline thresholds
at all observed days.

3. Results and Discussion
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indoor PM2.5 
distribution at K1

indoor PM2.5 
distribution at K2

K3

PM2.5 Distribution followed the Weibull function at K3.
Estimated 

Weibull 
Distribution 
Parameters

PM2.5

K3

Scale 3,686

Shape 8,695

PM2.5 concentration at
K3, K2 and K4 at
weekends was
significantly lower than
weekdays, except for K1

Good correlation between
indoor and outdoor PM2.5 were
found in K3 (R2=0.82) and
moderate in K4 (R2=0.60).

G d l ti b t

K3: y = 0.6278x + 21.787
R² = 0.8169

The mean concentration of PM2.5
at K2 (24.6 µg/m3) and K3 (37.47
µg/m3) (more population and traffic
density) are higher than K1 (23.9
µg/m3) and K4 (22.3 µg/m3).

The peak at noon was
observed at 4 Sites (9AM to
2PM), possibly due to the
influence of indoor activities,
ventilation condition and
outdoor sources.

ILCR<10-6 : Low, ILCR=10-6 - 10-4: moderate, ILCR>10-4: high risk 

a)
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GHG emissions from septic tanks in Hanoi: 
a comparison between summer and winter

HUYNH Tan Loi*, Hidenori HARADA**, Shigeo FUJII***, NGUYEN P.H. Lien****, HOANG T. T. Huong****, HUYNH T. Hai****
*Graduate School of Engineering, Kyoto University

**Graduate School of Asian and African Area Studies, Kyoto University
***Graduate School of Global Environmental Studies, Kyoto University

****Hanoi University of Science and Technology

1. Introduction
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Source: WHO and UNICEF, 2017
Fig 1 Onsite sanitation coverage

To evaluate the GHG emissions
from blackwater septic tanks with
seasonal variation.

OBJECTIVE

The previous 
studies 

(Diaz et al., 2011; 
Truhlar et al., 2016)

• Septic tanks (ST) in high-income
countries: black and greywater;

• Low- and middle-income
countries: only blackwater;

CH4
emission rate

(11 g-CH4/cap.day)

Did not mention about correlation 
between septic tanks’ conditions and 
GHG emissions

2.4 times of IPCC 
emission factor 

(25.5 g-CH4/cap/day)
<

The range of temperature 12–27°C
had no significant impact on CH4
emissions from septic systems in the
USA (Diaz et al., 2011).

Still, larger seasonal temperature
change might affect the emission
from septic tanks.

26 -33 °C 

14-19 °C

Summer

Winter

Hanoi’s 
temperature

2. Materials and methods

25 STs in the urban of Hanoi were monitored 
in summer (Jun-Jul: ST1-ST10) & winter
(Dec-Jan: ST1, ST2 and ST11-ST23);

Items Summer
(n = 10)

Winter
(n = 15)

Average
(n = 25)

Household size 
(people) 4.5 ± 1.1 4.3 ± 0.8 4.4 ± 0.9

Septage storage 
period (yr) 10.3 ± 5.7 12.6 ± 7.0 11.7 ± 6.5

Septic tank 
volume (m3) 2.3 ± 0.7 2.0 ± 1.1 2.1 ± 0.9

1st compartment 
volume (m3) 0.6 ± 0.5 1.1 ± 0.7 1.3 ± 0.7

Emptying hole
Inserting floating tinggg floating 

chamberInspection hole

Gases was measured by b a floating chamber Gases wa
through

aas m
gggh an

sured bby y y a aa oatinflof nggngng  hambechaeaasmem
nan emptying/inspection hole

3. Results and discussion3. Results and discussion

Fig 3 Septage composition between summer and winter

No clear correlation between 
temp. and emissions

liquid temp. (19.1-31.7ºC) had
no significant impact to 
emissions;

Not significantly different in 
CH4 & CO2 emissions between 
summer and winter in Hanoi.

ORP, DO, organic mass & septage 
storage periods could play a more 
significant role in GHG emissions.

Fig 4 CH4 & CO2 emissions rates in winter & summer in Hanoi

Fig 5 Correlation between CH4 emissions rates and septage composition

4. Conclusions 1) GHG emissions from septic tanks were not significantly different between summer and winter in Hanoi;

2) Emission rates from septic tanks (including summer and winter) were: CH4: 14.96 ± 9.43 g/cap/day; CO2: 27.75 ± 14.29 g/cap/day

Stable temperature at the bottom of 
septic tanks (difference in soil temp 
(0.5m depth) between summer and 
winter was <6ºC in the sub-tropical 
area, Rodríguez et al., 2010);

pH, ORP, DO, 
COD mass and 
BOD mass were 
not significantly 
different between 
summer and winter 
in Hanoi;

Fig 2 Onsite monitoring & the core sampling design for septage

Sample analysis for septage:
Onsite measurement: pH, E.C., DO, ORP, liquid temp.;
Laboratory analysis: SS, VSS, CODCr, BOD5, T-N, sT-
N, NH4-N, NO3-N, NO2-N, T-P, PO4-P.

Emission rate calculation

E: the emissions rate (g/cap/day);
m: mass emission rate (mg/m3/min);
n: household size (capita);
VFC: the chamber volume (m3);
Acomp: area of compartment (m2);
AFC: area covered by floating chamber (m2).
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STUDY ON THE REDUCTION EFFICIENCY OF SLUDGE FROM WASTEWATER 
TREATMENT PLANT BY THE AEROBIC STABILIZATION PROCESS

Authors: VO Diep Ngoc Khoi*, LE Trong Binh*, TRAN Van Quang** 
* The University of Science and Technology, The University of Danang
** Environment Protection Research Center, The University of Danang

INTRODUCTION

MATERIALS AND METHOD

RESULTS & DISCUSSION

CONCLUSIONS

• WWTP Sludge Treatment in general 

• WWTP Sludge Treatment in new approach 

Sludge + Bulking agents + Heated air supply

Model structure (without the heated air supply – MH1)
Notes: 1-Reactor; 2-Motor; 3-Motor spindle; 

4-Transmission sprockets; 5-Rotary; 6-Paddle; 7-Material input; 
8-Exhaust hole; 9-Leachate pipe; 10-Model fixed floor

Model structure (the heated air supply – MH2)
Notes: 1-Reactor; 2-Motor; 3-Motor spindle; 

4-Transmission sprockets; 5-Rotary; 6-Paddle; 7-Material input; 
8-Intake fan; 9-Heated air pipe; 10-Partitions; 

11-Model fixed wood box; 12-Insulation foam barrel

Cedar chips (CC), imported from Japan 

WWTP Sludge (S) and Hyacinth (H) sampling  

Notes: (*): NT - Without combined with bulking agent (Cedar chips); 
(**): NT - Combined with heated air supply

Sludge Reduction Rate & Stabilized Sludge Reuse

Where: H-Sludge reduction rate (wet weight, %); M(1)-The total
amount of waste loaded (g/30 days); M(2)-Total weight after
decomposition (g/30 days); M(3)-The amount of wood chips
(g/period); M(4)-The total amount of residual waste (g/30 days).

Material reduction rate after 4 weeks (MH1)Weight reduction in each week (MH1)

The properties and composition of pressed sludge and Hyacinth 

1,16-1,27 (NT3) & 1,47-1,62 (NT4) 

H (> 20%): None heated air supply
H (> 62%): Heated air supply

The results show that the rate of decomposition according to the waste volume reduction after 4 weeks in an 
aerobic condition with cedar chips reached over 20%, about 7% more than without media in the same condition, it 
means there are differences when combining cedar chips in an experiment. This rate increased by about 40% in 
the condition of thermal stability and increased water evaporation. Product after decomposition process is 
assessed to have significant changes in color, odor and material size. It is an important basis for the 
establishment of the appropriate process parameters, the material/media mixing ratio and the duration of the 
experiment to determine the completely decomposition rate of materials in the subsequent studies.

Material reduction rate after 4 weeks (MH2)Weight reduction in each week (MH2)
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Study in evaluating the possibility of increasing the organic matter loading 
treatment of Bio-Carrier in the Aeration reactor for seafood wastewater

Authors: PHAN Thi Kim Thuy, TRAN Van Quang
Faculty of Environment, Danang University of Science and Technology (DUT), Viet Nam

Seafood Wastewater, 
Danang city, VietNam

the fluctuation of the
contaminant load in the
influent.

The high concentration of
organic matters and nutrient

(1) Influent Anaerobic anoxic
Oxic Calrification

efluent
(2) Influent Flotation/

(Flocculation-Calrification)
Oxic Calrification eflfuent

Method & Tech.: Suitable
Operation: Unstable & overload;

• Increase the capacity of 
Aeroten tank Lack of land 
area;
• Increase the organic matter 
loading in aeroten tank;

Research the possibility of increasing the organic
loading when adding bio-carriers for aerobic process

Introduction

Methodology

Results and Discussion
The removal efficiency of organic matter by time 

- After the first 6 hours, COD
decreased rapidly, after 10 hours the
value did not change significantly;
- When OLR changes from 0.53 -
0.71 - 0.92 - 1.1 - 1.3
gCOD/g(sludge).day., The removal
efficiency of organic matter (ECOD) is
respectively:

With BK-Biocarrier 4mm:
(E(COD)) 86.9% - 82.7% - 79.5% -
76.6% - 72.8%

With BK-Biocarrier 2mm:
E(COD) 87.9% – 84.1% – 80.1% –
76.6% - 74.5%

With PVAGel E(COD) 88.9%
– 85.8% – 82.3% – 80.2% - 76.5%.

Improve the efficiency of aeration tank (Increase ORL)

Treatment efficiency decreases when increasing OLR rate;
With the same OLR rate (Lo), the treatment efficiency increases by
adding the bio-carriers
Lo < 0.3gBOD5/g(sludge).day. The addition of bio-carrier had no
impact;
Lo > 0.5gBOD5/ g(sludge).day. The addition of bio-carriers to
increase the removal efficiency of organic matter was significant;
To achieve the ECOD~80% Adding 10% of bio-carriers (BK-
Biocarrier 4mm, BK-Biocarrier 2mm and PVA Gel) & model could
get the OLR: 0.67; 0.78 and 0.95 gBOD5/g (sludge).day
respectively, while the OLR without any carrier achieve 0.5 gBOD5/g
(sludge).day.

Conclusion & Recommendation
Conclusion:
(1). With bio-carriers, the aeration tank can improve the the organic loading removal efficiency.
(2). PVAGel was the most efficiency carrier, then BK-Biocarrier 2mm and BK-Biocarrier 4mm carriers run after, respectively.
(3). When operating the aeration tank with BOD5 removal efficiency of 80%, the organic loading rate increased 1.84 times with adding 10%
PVAGel carrier (correspond with 0.95 gBOD5/g(slude).day) and 1.5 times when adding 10% BK-Biocarrier 2mm (correspond with 0.78
gBOD5/g(sludge).day).

Recommendation:
Continue to research on the optimal usage for each bio-carrier types, on the ability to remove nutrients & Compare the cost, the economic
aspect in practice.

Treatment Process/Technology

Approach Collecting 
data

Designing 
model

Operating 
model

Evaluating 
results

Model

The wastewater taken from seafood processing
plant, after pre-treatment and before entering
the aeration tank.
(i) Adaptive operation & Determining

Hydraulic Retention Time (HRT);
(ii) Determining the removal efficiency of

organic matter by time;
Operating: Organic matter loading rate
(OLR) was changed from 0.2 to 1.3gCOD/g
(sludge).day;
Sampling: 1h, 2h, 4h, 6h, 8h, 10h & 12h

after operating & Analytical parameters : pH,
Alkalinity, BOD5 , COD.

Experimental process

(1) BK-Biocarrier 4mm, (2) BK-
Biocarrier 2mm, (3) PVAGel

B0: Reactorwithout io-carrier

B1: Reactor adding 10% BK-
Bio-carrier 4mm

B2: Reactor adding 10% BK-
Biocarrier 2mm

B3: Reactor adding 10%
PVAGel

(1) (2) (3)

B0              B1           B2            B3

- Reactor;
- Aeration systems;
- Bio-carrier.

- Environmental conditions;
- HRT;
- Organic matter loading: 
F/M.

- Operational condition
- The treatment
efficiency & The ability
to increase OLR
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A novel method for extraction of lipids from liquid 
microalgae without dewatering
Authors: Quan Wang*, Kazuyuki Oshita* and Masaki Takaoka*

* Department of Environmental Engineering, Graduate School of Engineering, Kyoto University, Kyoto, Japan

Background
The development of renewable energy technologies has advanced
in response to an ever-increasing demand for fossil fuels and global
warming caused by CO2 emissions from their combustion.
Biodiesel produced from microalgae is considered a promising
substitute for fossil fuels. Biodiesel production from microalgae
consists primarily of microalgae cultivation, harvesting, lipid
extraction, and transesterification. However, harvesting and lipid
extraction are substantial bottlenecks in the development of an
energy-efficient and cost-effective process for conversion of
microalgae to biodiesel. Here, liquefied DME was used to extract
lipids from microalgae without dewatering. A suitable entrainer for
dimethyl ether (DME) was identified among ethanol, dimethyl
sulfoxide (DMSO), acetone, and tetrahydrofuran (THF) for
improving DME performance.

Materials and methods
Marine microalgae strain N. oculate was cultivated in 20-L bucket
photo-bioreactors at 20 2 C with light/dark cycles of 12 h/12 h.
After 2 weeks of cultivation, the microalgae entered the stationary
phase and were thickened by induced flocculation using 60 mg/L
AlCl3. The DME extraction system was shown in Fig.1: a liquefied
DME storage vessel (vessel 1), a vessel to measure DME (vessel
2), a vessel for lipid extraction (vessel 3) and a vessel for
separating liquid from solvents (vessel 4). The performance of our
DME-based method was compared to the performances of Bligh &
Dyer and Soxhlet methods in terms of raw lipid yield, fatty acid
yield, and C/H/N composition. For each method, extracted lipids
were characterized by thermal gravimetry (TG)/differential thermal
analysis (DTA), Fourier-transform infrared spectroscopy (FTIR),
and trace elemental analyses.

Fig.1 Lipid extraction system. 

Figure 4. FTIR spectra of lipids 
obtained using the four extraction 

methods.

Results and Discussion

Conclusions
(a) Mixture of ethanol and acetone can significantly improve the yield of lipids extracted from microalgae without dewatering; (b) The DME
method of 1st process extracted 26.4% of the total raw lipids with 54.4% of the total FAMEs in microalgae, and remnants could be easily
recovered by a 2nd extraction process; (c) There was no obvious difference among lipids by the various methods, except for nitrogen in
lipids extracted by B&D (wet) and DME method were higher; (d) DME-based extraction resulted in particularly high levels of Mg in the
produced lipids, indicating that further purification would be required prior to the use of these extracted lipids as biofuel.

Fig.2 Raw lipid yields with FAMEs a) entrainer screening, b) 
comparison with conventional methods.

Fig.3 FTIR of lipids obtained using the four extraction methods.

These results (Fig.2) showed that both ethanol and acetone were
effective entrainers, enhancing raw lipid yields by factors of 4.0
and 6.4 relative to the blank, respectively. Lipid extraction using
our DME-based method was compared with Soxhlet and Bligh &
Dyer extractions. When B&D (dry) extraction is regarded as the
benchmark for total lipid recovery, DME method of 1st extraction
process extracted 26.4% of the total raw lipids and 54.4% of the
total FAMEs in the microalgae. Although the process did not
achieve complete lipid extraction, simultaneous dewatering would
allow the remaining lipids to be easily recovered in the second
DME extraction process, by which 53.2 % of total raw lipids with
44.7% of the total FAMEs was further extracted by the 2nd

process.
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Authors: Ying Zhang*, Ruohan Li*, Yuntao Guan* 
* Institute of Environment and Ecology, Tsinghua Shenzhen International Graduate School 

With the continuous development
of urban modernization during the
last decades, industrial, domestic
sewage and urban non-point
source runoff pollution flood into
the urban river channel. Taking
Shenzhen, China as a example ,
heavy metals (HMs) such as
copper, chromium, nickel, cobalt
with organic pollutants as DEHP
accumulate in river sediment
through river, bringing huge risks
to the river water safety and the
dredged sediment is difficult to
dispose of.

(i) Desorption and complexation behaviour
of sediment contaminants(HMs, DEHP) 
during synergistic leaching.

(ii) Targeted capture and degradation of 
DEHP in multivariant load eluents.

1. The characterization of microstructures and distribution pattern of 
the composite contaminated sediment

BSAA-COS Synergistic leaching

2. Leaching behaviour and effect of each system on HMs and DEHP 
in river sediment

Pre-
treatment

Crushing 
Grinding Sizing

Add Cu Cr Ni
Co feed liquor;
Add Cu+DEHP

feed liquor

Stir and 
age 20 
days

Washing 
and 

filtering
Drying and 

crushing

(i) COS and TSPE has obvious leaching effect on HMs, expecially for Cu. 

(ii) Synergetic  behavior can be observed with COS and TPSE, TPSE promotes 
desorption of the HMs in the sediment, COS chelates the HMs in the free state. 

Cu COS>Rhamnolipids>TSPE

COS<Rhamnolipids<TSPE

(iii) Single leaching system cannot simultaneously remove copper and DEHP 
contamination in contaminated sediment. 

3. Method proposing of targeted capture and degradation of DEHP 
in multivariant load eluents

(i) COS and TSPE have optimal leaching effects on HMs removal. In COS & 
TPSE synergetic leaching system, synergetic  coefficients of Cu and Cr can 
obtain 2.4 and 1.2 respectively. In which, TPSE promotes desorption of the 
HMs , COS can chelates the HMs in free state efficiently.

(ii) A composite leaching system is necessary for simultaneous removal of 
heavy metals and HMs, targeted capture and degradation of DEHP in 
multivariant load eluents by MOF is proposed.

n multivariant load eluents

(i) The sediment is leached and 
aged by heavy metal-organic 
material solution before 
leaching.

(ii) Chitooligosaccharides, 
rhamnose and tea saponin are 
chosen to be the  leaching 
reagents.

(iii) The leaching equilibrium isothermal test was carried out in a constant 
temperature oscillator. The content of HMs was measured by ICP, the content of 
DEHP was measured by HPLC, and the nanometer size of the leaching solution 
was measured by Zeta potentiometer.
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(PFOS & PFOA: 70 ng/L)

Released directly
into the environment

River / GroundwaterFirefighting training area

PFOS & PFOA in water source of a DWTP
have exceeded U.S.EPA health advisory  

DWTP 

Water source e ofWater sourc
a DWTP

This study : Various types of PFASs

Previous studies : PFAAs & certain precursors

How to discover unknown PFASs ?

OECD, 2019

Okinawa, 
2019

Screening approach of per- and polyfluoroalkyl substances (PFASs) 
in firefighting foam impacted waters in Okinawa

Satoru Yukioka*, Shuhei Tanaka*, Yuji Suzuki*, Shinya Echigo**, Anna Kärrman***, and Shigeo Fujii* 
* Graduate School of Global Environmental Studies, Kyoto University, Kyoto, Japan ** Graduate School of Engineering, Kyoto University, Kyoto, Japan

*** MTM Research Centre, School of Science and Technology, Örebro University, Örebro, Sweden

Perfluorooctane sulfonic acid (PFOS)

Water
proof

Hydrophobic Hydrophilic

C-F bond is stable
Water and oil repellency
Heat-resistant

Widely detected water environment,
biota, and human blood

Smitwick et al., 2005; Young et al., 2007

G8

R5G7

R1

G2

G1
R2 D3

G5, G6

G3

R4

G4

: DWTP water
: River water
: Groundwater
: Intake points for a DWTP

1 km
N

Hijya river

Nagata river Hijya river
Dakujyaku river

Firefighting training area

Research background

Methods

Results and discussion

High resolution mass spectrometry

Suspect screening

2009 2019

PFOS (C8) PFHxS (C6)PFOA (C8)

2021

7 1%

The 40% of total 116 PFASs will be regulated in next year.

10 1% 23 4%
Precursors (8:2 FTS) Precursors (FHxSA)Only PFAAs
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New soybean elite line for drought prone area of the 
Northeast Thailand

Authors: Jirapong Yangklang*, Patcharin Patthawaro*, Tidarat Monkham* , Sompong Chankeaw*  and Jirawat Sanitchon*

* Department of Agronomy, Faculty of Agriculture, Khon Kaen University, 40002 Thailand

KKU 35 * SJ-32

Abstract

The unpredictable climate and irregular rain distribution in Thailand affected sharply decrease the soybean
production area. The problem solving via the breeding program, the criteria section has been changed from
intermediate and late maturity to early maturity. KKU soybean research identified the elite line, KKU 35 * SJ-32
form multilocation yield trial with acceptance from farmers though participatory varietal selection (PVS) before
release. Since KKU 35 * SJ-32 in early maturity (95 days), it is suitable for crop rotation with rice in dry season in
low land irrigated area and with some crops in wet season in rainfed upland area.

Introduction

Soybean production area in Thailand has sharply
decreased since two decades because of the global
warming that affect rain fall and rain distribution. In
the production year 2018/2019 , soybean planted
area was decrease to 24,031 ha. (DOAE, 2019).
Selection criteria has been changed from late
maturity to early maturity. Soybean breeding
program at KKU identified elite since from
multilocation yield trials. However, soybean line
should be accepted by farmer through participatory
varietal selection (PVS) before release.

Methodology

Five soybean elite lines together with 2 check
varieties, (Chiang Mai 60, SJ 5) were planted at Nong
Wua Sor District, Udon Thani Province, Thailand on
upland area during June – October 2020. Fifty soybean
farmers were invited for the participatory varietal
selection (PVS). The discussion was done after score
making.

Result

The first in rank soybean line derive form popular vote
through participatory varietal selection (PVS) was KKU
35*SJ-32 , followed by the variety KKU 35 Since it was
early in maturity of 95 days, that make it is suitable for
crop rotation with rice in dry season and with some
field crop in wet season.
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Photoperiod sensitivity index classification in Thai indigenous upland rice germplasm
Sirimaporn Khotasena1, Jirawat Sanitchon1, Sompong Chankaew1 and Tidarat Monkham1*

1Department of Agronomy, Faculty of Agriculture, Khon Kaen University, Khon Kaen, Thailand

Rice (Oryza sativa L.)  is an economics and food supply for more 
than half world’s populations. However, Climate change is a main 
problem which affected to rice productivity. Crop duration determine 
the ability of production under stresses. 

Flowering time is a key factor to determined the crop duration. So, 
flowering time is an interesting trait as a selection criterion for rice 
breeding to approve climate change and the adaptation to specific 
cultivation areas and seasons.

Figure 1 Photoperiod sensitivity index(PSI) experiment in upland 
rice field.

256 upland rice genotype were collected from all parts of Thailand 
and grown in the field in two planting date during 2019 wet-season 
at Khon Kaen University field. 

Days to 50% flowering (DTF) were estimated to determine 
photoperiod sensitivity index (PSI). Grain yield was determined at 
harvesting time in each plot.

The information in this study can utilization as a genetic database 
for further breeding program and planning selection for the 
environmental stress in each area. So, The objective in this study were 
classify Thai indigenous upland rice genotypes based on photoperiod 
sensitivity index (PSI). 

The result showed that a dendrogram can be classified into 
four group (Fig. 2). Moreover, The result found that Group B 
comprised 1 genotypes which insensitive to photoperiod and 
8 mild sensitive to photoperiod with highest grain yield 
(3,137.5 – 4,375 kg/ha). All of grouped was consisted of both 
sensitive and non-sensitive genotypes. Moreover, most of 
upland genotypes are mild sensitivity.

Figure 2 Cluster analysis on the basis of
Euclidian distance for 256 upland rice 
genotypes. Green encircled symbols 
represent insensitive to photoperiod, red 
encircled symbols represent strongly 
sensitive to photoperiod and non-
symbols represent mild sensitive to 
photoperiod.

Figure 3 Relationship between grain yield and photoperiod 
sensitivity index (PSI) in 256 upland rice genotypes.     
** The correlation is significant at P<0.01

The result showed that photoperiod sensitivity index (PSI) 
varied from -0.1 to 0.9 in 256 rice genotypes and can be 
divided into three group (Fig. 3). PSI parameter was significant 
related with grain yield and had high variation in each group. 

In mild photoperiod sensitivity group had a high variation in 
grain yield than non-sensitivity and strong sensitivity groups. 
Most of upland genotypes was collected from north and 
northeastern part of Thailand that growing in rainy season.

The results suggested that the use of photoperiod 
insensitivity genotypes was the interesting choice not 
only high grain yield but also suitable under unpredictable 
rainfall area. Photoperiod sensitivity genotypes had high 
risk under late season drought especially in Thailand. 
Moreover, early flowering with photoperiod insensitivity 
genotypes were one selected choice for high yield 
potential. A

B

C

D Acknowledgement: Plant Breeding 
Research Center for Sustainable 
Agriculture, Khon Kaen University
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A comparative study on fuel properties and pyrolysis behavior of torrefied 
biomass pellets via pelletization before and after torrefaction process
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Background Methodology

Results and discussion 

To produce high-quality solid fuels and compare its fuel properties from 
biomass wastes via the two combined pretreatment processes from physical 
and thermal with a different sequence between the pelletization after 
torrefaction (PAT) and the pelletization before torrefaction (PBT) under 
various torrefaction temperatures 
To comparatively investigate reaction behaviors of a subsequent pyrolysis 
and combustion process of the PAT and PBT torrefied biomass pellets.

Characterization of raw and torrefied biomass pellets
Proximate analysis by using themogravimetric analysis (TGA)
- %Volatile, Fixed carbon (FC) and Ash 
Ultimate analysis by using CHN analyzer 
- %C, H, N, and O to HHV calculation
Pyrolysis behavior using TGA
Combustion behavior using TGA
Equilibrium moisture content (EMC) analysis

Yield

Yields of torrefied pellets decreased 
when increasing torrefaction temperature
Yields of PAT torrefied pellet were 
higher than those of PBT torrefied pellet

Proximate and ultimate analysis

%FC, %C, and HHV of torrefied biomass pellets increased with 
increasing temperature 
%FC, %C, and HHV of PBT torrefied pellets were higher than those of 
PAT torrefied pellets

PBT torrefied pellet had higher thermal decomposition temperature than 
raw and PAT torrefied pellets as shown in the DTG curves.

Equilibrium moisture content (EMC) analysis 

Decreasing EMC when increase 
temperature of torrefied biomass 
pellets compare with raw pellet
PBT torrefied pellet lower EMC than 
PAT torrefied pellet

Conclusions
The sequences of pelletization and torrefaction pretreatment processes 
(PAT and PBT) of biomass were compared in order to improve fuel 
properties of torrefied biomass pellets. 
PBT process can produce higher %FC, %C, and HHV than PAT process 
under various torrefaction temperatures at the period of time.

Combustion behavior

Biomass Fixed carbon (%FC) %C HHV(MJ/kg)
Raw PAT PBT Raw PAT PBT Raw PAT PBT

Raw 11.6 - - 48.0 - - 15.3 - -
RW260 - 14.6 16.7 - 49.1 50.7 - 16.4 16.5
RW280 - 18.6 19.0 - 49.2 54.0 - 16.4 18.1
RW300 - 19.9 26.8 - 51.1 57.8 - 17.2 19.7

Yield

PBT torrefied pellet had higher thermal decomposition temperature than 
raw and PAT torrefied pellets

Pyrolysis behavior

Objective

yyyyyy yy
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• The Indo-Gangetic Plain (IGP) is a major food-
producing area of India, which is extended over
different climatic regions of the country. It covers
13% of the area of India and produces nearly 50% of
the country’s food grains and feed 40% of total
population of the country (Pal et al. 2009).

• Elemental composition and clay minerals contain
useful information about parent materials,
depositional environment, and weathering condition
of the soil.

• The objective of this study was to clarify the factors
determining elemental distribution, physicochemical
and mineralogical properties of the soil from different
part of IGP.

Fig 1. (A) Study area with sampling sites (B) Soil profile from a sampling site.

Fig. 3. X-ray diffractograms of the clay fraction of representative 
samples for all locations.

• Soil texture analysis suggests that
most of the samples from all the
locations of IGP were silt loam.

• The mean concentrations of major
elements in soil followed order of
Si>Al>Fe>K>Mg>Ca>Na for all
the samples.

• Principal Component analysis for
total element suggests that PC1
(Fe-Al-Na-Si) and PC 2 (Mg-K)
capture information about source
of parent material and represent
the weathering degree. PC3
suggest the influence of CaCO3.
(Fig. 2, Table 1).

• Kaolinite, smectite, chlorite, mica,
quartz, and feldspar minerals
were identified in clay fraction of
soil samples.

• Chlorite presence was clear in
soils from Coochbehar and
Samastipur. Highest content of
kaolinite mineral in Coochbehar
and Canning town indicates that
humid and hot climate favoured
the formation of kaolinite in soils
of that region (Fig. 3, Table 2).

• Total 140 soil samples were collected from different horizons of
~1m in-depth soil profiles across the study area.

• Samples were analysed for physicochemical properties, total
elemental compositions and mineralogy by following standard
protocols.

Background Materials and methods
A B

Results and Discussion

Conclusion
• Parent material and climate are the main controlling factors for elemental composition, soil physicochemical properties  and 

distribution of clay minerals in soils from different climatic regions of India. 
• Coochbehar and Samastipur soils showed influence of sediments from Himalayan regions along with ganga river sediments.

a. Varimax rotation converged 
in 5 iterationsFig. 2. PCA biplots for PC1 and PC2, and PC1 and PC3 with scores 

grouped by locations. Table1. Rotated component 
matrix of the PCA.

Table 2 Clay minerals 
abundance in all locations.
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** Department of of Environmental Engineering, Universitas Islam Indonesia

Methodology

Background

Methodology

• The Gunung Tugel landfill has not been operating since 2016 
and it is planted with edible fruits and vegetables around there

• The Gunung Tugel landfill uses an open dumping method with 
suboptimal leachate treatment, so that leachate water from the 
landfill can seep through the soil and contaminate the 
plantations around the landfill area.

• The method of determining and sampling is done by the stratified 
sampling method. 

• Samples were washed thoroughly and dried in an oven at 105 C for 
24 hours, then the samples were analyzed using the Atomic 
Absorption Spectrophotomic (AAS) instrument.

• The results of the analysis were compared with the quality standard. 
• Risk Quotient (RQ) and Excess Cancer Risk (ECR) were obtained to 

make estimation level of non-carcinogenic and carcinogenic.

Results and Discussion 

Conclusion

• Zn>Mn>Fe>Pb>Cu>Cr>Cd

• Ipomea aquatica and Amaranthus spp. are the plants that
absorb the most pollution while Arachis hypogaea is the
least

• Estimated level of non-carcinogenic and carcinogenic
health risks for respondents due to consuming vegetables
in the landfill area is unacceptable or might cause health
problems from Pb, Cr, Cd, and Mn

Type Name Cd1 Pb1 Cu2 Cr3 Mn4 Fe4 Zn2

mg/kg

Vege-
tables

Ipomea aquatica 0.30 4.03 9.86 5.19 78.53 26.46 261.29
Amaranthus spp 0.83 7.43 2.23 4.43 166.98 51.49 210.08
Limnocharis flava 0.20 19.58 5.60 1.87 51.94 135.41 37.19

Tubers 
and 
Nuts

Ipomea batatas Poir 0.14 0.99 1.01 1.03 4.44 6.69 10.18
Ipomea batatas L. 0.08 1.18 2.00 0.61 2.80 11.28 12.80
Solanum tuberosum 0.46 2.07 3.72 1.01 0.84 26.20 2.91
Curcuma longa 0.23 1.46 2.45 0.73 182.83 122.14 22.58
Manihot esculenta 0.13 2.04 1.81 1.08 1.05 15.69 2.02
Arachis hypogaea 0.02 0.05 0.73 0.09 0.60 1.90 4.72

Fruits Cucurbita moschata 0.20 1.56 2.09 1.21 1.12 12.65 5.22
Musa paradisiaca 0.39 2.06 2.20 1.23 20.70 10.55 27.22

Standard (mg/kg) 0.05 0.20 10.00 0.50 11.00 8.00 50.00

• 12 types of vegetables and fruits are grouped into 3 groups 
• All metals except Cu are exceeding the standards in some 

types

1 BPOM Indonesia, 2017
2 China’s National Food Safety Standard of Maximum Level of 

Contaminants in Foods, 2010
3 China’s National Food Safety Standard of Maximum Level of  

Contaminants in Foods, 2014
4 USDA, 2017

• Vegetables in some Heavy Metals have RQ>1
• Vegetables and fruits in Cr have ECR ≤ E-4

Landfill

Area C
Area A

Area B

Land-
fill

A B Rice 
Field 

Land-
fill

C B Rice 
Field 

Fig. 1 Maps of the Site

Fig. 2 The Distribution of Heavy Metals

Tabel 1 The Average Concentration of Heavy Metals Each Object

Fig. 3 The RQ and ECR Range of Value
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Analysis of phytoplankton and water quality changes in the 
southern basin of Lake Biwa in the last 70 years

Authors: Takahiro Yokoi1), 2), Shigeo Fujii2)

1) Kyoto Municipal Waterworks Bureau
2) Graduate School of Global Environmental Studies, Kyoto University

1967
Musty odor

1972
Lake Biwa Comprehensive 

Development Program 

1979
Eutrophication 
Prevention Ordinance

1959
filter clogging

1977
Fishy odor

1994
Drought

1992
Water level      
manipulation

History of 
Lake Biwa

Fig. 3 trend of rate of monthly dominant species (Pictures: National Museum of Nature and Science

[RESULTS – PHYTOPLANKTON]
• In 1950s, the phytoplankton concentration 

(PC) was so low.
• In 1950s, golden algae Dinobryon sp.  (low-

nutrient habitant phytoplankton) was 
sometimes dominated.

• In 1970s and 1980s, cyanobacteria were 
increased as PC was increased.

• In 2010s, cyanobacteria were increased 
again, although PC was decreased.

RESULTS & DISCUSSION – PHYTOPLANKTON

[RESULTS – WATER QUALITY]
• From 1950s, the water quality was getting  

worse due to the rapid economic growth.
• In 1960s and 1970s, the lake water was 

polluted most seriously.
• In 2010s, some water quality items got 

improved, and some did not. 

RESULTS & DISCUSSION – WATER QUALITY

Period: Monthly measurement, or average of 
weekly measurement in 1949-2018
Sampling points: Intake basin of Keage Water 
Purification Plant

Chromaticity: colorimetric method with 
Nessler cylinders

Ammonia nitrogen: Nesslar method → 1-
naphtol method since 1993

Standard plate count: nutrient medium→
standard medium since 1978 (sampling 
point: mixing basin of KWPP in 1993-2003)

Phytoplankton: collect with plankton net 
since 1953 -> direct count since 1970 
(sampling point: OWI in 1993-2003)

Offshore of Waterway Inlet (OWI)
Keage Water Purification Plant (KWPP)

Fig. 1 Sampling points

5 km

N

Lake Biwa 
Waterway

Seta River

southern basin 
of Lake Biwa

DATA

The southern basin of Lake Biwa had been polluted and eutrophicated since 1950s. The eutrophication increased some harmful algae
causing troubles such as musty odor. Environmental conversation activities have been implemented since 1970s, but water treatment problems have not been
solved yet. This study described phytoplankton and water quality changes in Lake Biwa, measured by Kyoto Municipal Waterworks Bureau since 1950s.

INTRODUCTION

The phytoplankton and water quality 
changed with similar patterns, reflecting a 
pollution level in each decade.

CONCLUSION

Fig. 2 trends of water quality and phytoplankton (black and green lines: 12-months moving average)
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Effect of supplement cassava root silage on growth 
performance of native pig

Phoutnapha SENGXAYALATH*, Phetdavanh VYRAPHET*, Phimpha VYRAPHET*, Bounthavy Vongkhamchanh* and Izuru Saizen**

* Faculty of Agriculture and Forestry, Champasack University 
** Graduate School of Global Environmental Studies, Kyoto University

Nine female pigs (local pig) (9 – 12 kg LW).  The experimental design was arranged in randomize completely block 
design (RCBD), three treatments of this experiment were different levels of supplemented diets (cassava root silage (CS), each treatment was 
comprised 3 replications and experimental period was 34 days with an extra 14 days for adaptation to the pens and diets. When cassava root silage 
(CS) was supplied at the different level which it was not affected in growth rate and feed conversion rate (FCR). However, when employed 30 % of 
cassava root silage female pigs were significantly displayed highest consumption of diets(p<0.05).

ABSTRACT

INTRODUCTION The Cassava is composed almost entirely of starch and contains very little protein (less than 3% in the dry 
matter; http://www.feedipe dia.org/), it is necessary to supply with protein-rich feeds such as fish and soybean meals in order to make a balanced diet for 
pigs. These protein meals are expensive in Lao PDR as they are mostly imported from neighbor countries. In previous research was indicated that true 
protein content of cassava pulp could be increased from 2 to 12% in DM by fermentation with yeast, urea and DAP (Sengxayalth and Preston, 2017).

Conducted in the Integrated Demonstration Station, 
Faculty of Agriculture and Forestry, Champasak
University, Lao PDR, it far from city center about 13 Km.

OBJECTIVES: To evaluate the different levels of supplement cassava root silage on growth performance of native pig.

MATERIALS AND METHODS MATERIALS AND METHODS
Location and duration 

Animals and housing 

Treatments and experimental design 

Local pigs (Moo Lat breed; females) were 
selected at 9-12 kg of initial weight and 
allocated to individual pens with 1.2 m wide, 
1.6 m length and 1 m height. Each pen had 
one drinking nipple and one feed trough.

Feeding and management

The experiment arranged in 
randomize completely block 
design (RCBD) with three 
replications of each treatment.

CS-10 = 10 % of cassava root  silage
CS-20 = 20 % of cassava root  silage
CS-30 = 30 % of cassava root  silage

Chemical analysis 

The protein supplements were mixed with rice bran and mixed feeds and 
offered at 4% of live weight (DM basis) in 8:00 am and 16:00 pm. The 
amounts of feed offered and feed residues were adjusted daily to 
minimize refusals.

Rice bran

Yeast DAP Urea Cassava silage

Soy bean meal Cassava root silage

Feed samples were analyzed dry 
matter (DM), ash and nitrogen.

Cassava root

Chemical composition of feeds

Pigs were weighed before feeding and at 14 day intervals. Feed offered 
and residues were recorded daily. At the end, the samples of individual 
animal was analyzed.

Statistical analysis

The data for growth rate was compared by using the general linear model 
(GLM) option in the Minitab ANOVA software release 13.31 (Minitab 2016).

RESULTS AND DISCUSSIONS

Data collection and measurements

Growth and feed conversion
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Discussions
The response in feed intake and live weight gain on supplied 10% of 
cassava root silage may due to cassava root was fermented by yeast. 
Whitney et al., (1998) was manifested yeast property as it is in B-vitamins 
and minerals (Magnesium and Zinc).

Conclusions
CS was supplied at the different level which it was not affected in growth rate 
and feed conversion rate. However, when employed 30 % of cassava root silage 
female pigs were significantly displayed highest consumption of diets( p<0.05).

Sincere gratitude GSGES seeds research funding program to support fund 
for This study and appreciate ChU to provide the places and equipment.
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Drought Indices (SPEI): A Tool for Monitoring and 
Prediction of Agricultural Risk and Sustainability
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2. METHODOLOGY
SPEI calculation for any location required
long-term precipitation and temperature
record for at least 30 years.

SPEI uses the monthly (or weekly)
difference (D) between precipitation (P) and
the reference crop evapotranspiration
(ETo), and calculate water surplus or deficit
for the analyzed month (i) using:

Equation (1)

ETo, is calculated generally using a simple
climatic water balance (Thornthwaite1948),
and it is expressed as:

Equation (2)

Where, T is monthly temperature, I is heat
index, K is the constant, and m is a coefficient
depending on I.

Values of Di can be aggregated for any
certain periods of time, considering the
accumulation of the water balance in that
period.

Equation (3)

where k is the period of aggregation
(accumulation period), and i is the observed
month.

Therefore, SPEI can be compared with
other SPEI values over time and space,
and categorized using following table

The flood and drought occurrences are
determined according to the dryness &
wetness of SPEI index value.

3. RESULTS & DISCUSSIONS

Temporal SPEI annual trend showed
significantly decreasing trend, indicating
sign of continuous increase in magnitude of
intensity of drought over study area

Spatialpp al Variabilityyyy andd Trendd ofof SPEI

Impactsp s ofof drought

Drought of 2009, the severest one, reduced
agricultural production by 20 to 40%, rice
output reduced by 15 million tones than
previous season, with food grain scarcity
triggered inflation by 17 to 20%.

Nine sub-basins out of 12 showed negative 
(–ve) trend, indicating increased drought 
risk.
Whereas only 3 
sub-basins showed 
+ve trend, indicating 
reduced drought risk.  

4. FUTURE SCOPE & RECOMMENDATION

Great scope for development of Decision
Support System (DSS) for prediction and
monitoring of operational drought to
overcome the agriculture risk and food
insecurity among increasing populations.

5. CONCLUSIONS
Rate of fluctuation & recurring droughts
shown increased during current decade,
with increased intensity and magnitude.
Denotes possibility of more droughts in
coming future.
Moreover, the decreased rate of total
annual rainfall observed during 2nd half of
recent decade (2015-2019).
This indicates prediction of more drought
risk; especially in non-monsoonal period in
upcoming future; adding high risk for
agriculture and water resources,
Hence, this study serves to inform and
enrich the information on drought risk, help
to appropriate management of water
resource over Godavari river basin, to
achieve agriculture sustainability

6. REFERENCES
[1] D. A. Wilhite, “Chapter 1Drought as a Natural Hazard: Concepts and Definitions,” 2000.

[2] J. Keyantash, “An Evaluation of a Drought,” Am. Meteorol. Soc., no. August, pp. 1167–
1180, 2002.

[3] R. B. Sichangi and A. W. Makokha, “Spatio-Temporal Drought Characterization in Kenya
from 1987 to 2016,” vol. 7, pp. 125–143, 1987, doi: 10.4236/ars.2018.72009.

[4] Food and Agriculture Organization of the United Nations (FAO), The Impact of disasters
and crises on agriculture and Food Security. 2017.

[5] S. M. Vicente-Serrano, S. Beguería, and J. I. López-Moreno, “A multiscalar drought index
sensitive to global warming: The standardized precipitation evapotranspiration index,” J.
Clim., vol. 23, no. 7, pp. 1696–1718, 2010, doi: 10.1175/2009JCLI2909.1.

1. RESEARCH BACKGROUND

Drought is one of the world’s costliest
natural disasters, causing an average
US$6–8 billion in global damages annually
[1], [2]; affect environment and activities
related to agriculture, vegetation &
livelihood and local economies [3].
Agriculture is the first most affected sector
when drought hit, more than 80% of direct
impacts caused through reduced crop
production that leads to economic loss [4]
Drought indices are the indicators,
commonly used to detect the potential risk
of occurrence and severity of drought.
In India, various studies were conducted
using either SPI and PDSI, which does not
satisfy the multi-scaler characteristics of
drought.
Hence this study considered SPEI drought
indices; a newly developed which includes
rainfall, a temperature component and
evapotranspiration in its computation; and
especially suited for studies of the effect of
global warming on drought severity [5].

Motivation for Solving Research Problem

Drought has been a constant 
visitor to India, large parts of 
the country perennially reel 
under recurring drought. 
1/3rd India’s total districts faced 
>4 drought per decade. 
Drought prone area increased 
by 57% since 1997.

nnnttt ttt tttt t t ttt t t t t
offff  

cccceeeeeeeeeeeeeeeeedddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd

seeedeededededdddddddddddddddedddddddddeeddedddddddeddddddddddeed   

Objectives

To study spatial-temporal analysis of drought 
identification and assessment of agricultural 
risk using SPEI drought Indices over Godavari 
River Basin, India.

Study Area & Data Used

40 Years (1980-2019), observed gridded 
data, precipitation (0.25×0.25) over 6995 
rain gauge stations and temperature
records from 2140 station (1×1) degree 
resolution collected from Indian 
meteorology Department (IMD)

Both datasets 
regridded with same 
resolution 
(0.25 × 0.250), 
using CDO

( )
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Agriculture is an immensely water consuming activity, greatly
influenced by climate change, and possibility of decreasing
harvest may cause massive water requirements (Bocchiola,
2015). Rice production needs substantial amounts of water, for
instance, in Asia, more than 50% from 90% total diverted
freshwater used in agriculture is used to irrigated rice (Bouman,
2012). Rice is the staple food in many countries, accounting for
more than 40% of global food production (Herman, Murchie, &
Warsi, 2015). As the most consumed cereal in various
countries, rice research is essential as to face global food
security issue. In Malaysia, the production of rice increased
from 2,252,168 in 2018 to 2,517,406 metric tons in 2019
(Department of Agriculture, 2019). It is apprehensive that the
impact to the environment will increase accordingly. Water
footprint (WF) constitute of three water components involved in
production. Green water indicates rainwater, blue water
represents irrigation water withdrawn from ground or surface
water whilst grey defines as polluted water which related to use
of nitrogen fertilisers (Chapagain & Hoekstra, 2011).

WF accounting of paddy was conducted using CROPWAT 8.0
software for initial stage of accounting and following The Water
Footprint Assessment Manual (Hoekstra, Chapagain, Aldaya, &
Mekonnen, 2012) by considering data of average paddy
production, yield and climate between 2014, 2015 and 2016 for
Kedah and Kelantan, Malaysia. Total WF is the sum of three
WF components, assessed using equation :

WFtotal=WFgreen+ WFblue+WFgrey

Green and blue WF was evaluated using equation :

WFgreen= CWUgreen
Y and WFblue= CWUblueY accordingly. 

Grey component was estimated using :

WFgrey=
α ×AR / ( Cmax− Cnat)

Y

From the research, total WF were 1547.03 m3/t (49.11% green,
27.82% blue, 23.06% grey) for Kedah and 1932.19 m3/t
(42.68% green, 35.74% blue, 21.58% grey) for Kelantan as
shown in Table 1. Green water footprint is the highest
component for both states followed by blue and grey
component. A research conducted by Mekonnen & Hoekstra
(2011) regarding global water footprint related to crop
production in the period 1996–2005 also found out that green is
the highest contributor (78% green, 12% blue, 10% grey).
Similar to Chapagain & Hoekstra (2011), conducted study also
shows green component is the highest, 632 m3/ton from total
WF of 1325 m3/ton which represent 48% of total WF, followed
by blue and grey component as 44% and 8% respectively. Total
WF for both states slightly high, 1.2 to 1.5 times larger as
compare to 2000-2014 annual WF for rice for 13 major global
rice producer conducted by Chapagain & Hoekstra (2011),
which was 1325 m3/t.

Table 1 : Green, blue, grey and total water footprint

Green water footprint is the highest component for both states.
Globally, 86.5 % of the water consumed in crop production is
green water, which often has a very significant contribution to
total water consumption, even in irrigated agriculture
(Mekonnen & Hoekstra, 2011). Even though Malaysia not listed
as thirteen major global rice producers, quantifying WF of rice
production utterly pivotal as Malaysia is in the phase of
enhancing rice production and quality for food security purpose.

Bocchiola, D. (2015). Impact of potential climate change on crop yield and water footprint of rice in the Po valley of Italy. Agricultural Systems, 139, 223-237.
Bouman, B. (2012). Water-efficient management strategies in rice production. International Rice Research Notes, 26(2).
Chapagain, A., & Hoekstra, A. (2011). The blue, green and grey water footprint of rice from production and consumption perspectives. Ecological Economics,

70(4), 749-758.
Department of Agriculture. (2019). Keluasan bertanam dan pengeluaran sayur-sayuran utama mengikut jenis, 2017-2019. Statistik Tanaman ( Sub-Sektor

Tanaman Makanan ) 2019.
Herman, T., Murchie, E. H., & Warsi, A. A. (2015). Rice Production and Climate Change: A Case Study of Malaysian Rice. Pertanika Journal of Tropical

Agricultural Science, 38(3).
Hoekstra, A. Y., Chapagain, A. K., Aldaya, M. M., & Mekonnen, M. M. (2012). The water footprint assessment manual: Setting the global standard: Routledge.
Mekonnen, M. M., & Hoekstra, A. Y. (2011). The green, blue and grey water footprint of crops and derived crop products. Hydrology and Earth System Sciences,

15(5), 1577–1600
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Mapping Three Decades of Agricultural Abandonment 
in the Ifugao Rice Terraces using Google Earth Engine

Ian Estacio, Satoshi Hoshino, Kenichiro Onitsuka, and Mrittika Basu
Graduate School of Global Environmental Studies, Kyoto University

For the past several decades, the Philippines’ Ifugao Rice Terraces,
a UNESCO World Heritage site, has been experiencing continuous
agricultural abandonment. Although several research has already
shown some quantification of the abandonment in the rice terraces
[1,2], there hasn’t been any land cover map produced that shows the
gradual abandonment of the rice terraces through time.

Methodology

This study aims to generate maps of a watershed in Ifugao from 1990 to
2020 to determine the spatial abandonment of the rice terraces through time.

Fig 2. Flowchart of the methodology

Fig 1. View of the Ifugao Rice Terraces [3] 

Seven land cover maps of Ifugao from 1990 to 2020, in five-year intervals,
have been produced. Four classes were produced: Rice Fields, Built-up,
Forest, and Low Plants. All maps showed high Overall and Kappa Accuracies,
with the least accurate map (year 2015) having a Kappa Accuracy of 89.62%

Fig 3. Land Cover maps in Ifugao from 1990 to 2020
A map of the last

period of rice cultivation
was generated through
GIS Analysis. The map
shows that since 1990,
rice fields have been
continuously abandoned.

These results call
immediate proposal of
policies to mitigate the
abandonment of the
terraces. It is important
that policies should be
sustainable to address
the problem until the
distant future

1. Calderon, M.; Dizon, J.; Sajise, A.; Andrada II, R.; Bantayan, N.; Salvador, M. Towards the Development of a
Sustainable Financing Mechanism for the Conservation of the Ifugao Rice Terraces in the Philippines; 2009;
2. Calderon, M.; Bantayan, N.; Dizon, J.; Sajise, A.J.; Codilan, A.; Canceran, M. Community-Based Resource
Assessment and Management Planning for the Rice Terraces of Hungduan, Ifugao, Philippines. J. Environ. Sci.
Manag. 2015, 18, 47–53.
3. Walker, T. Banaue Rice Terraces: The Eighth Wonder of the World Available online:
https://www.flightcentre.com.hk/blog/banaue-rice-terraces-eighth-wonder-world (accessed on Sep 10, 2020).

Landsat Satellite images were used to generate the Land Cover
maps. The land cover generation process was implemented mainly in
Google Earth Engine and complemented with ArcGIS

Introduction

Results and Discussion

References
Fig 4. Abandonment of the rice terraces through time
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Impacts of Urbanization and Land Transitions on Seagrass 
Ecosystems: a study from tropical lagoon in Central Vietnam

Nguyen Huu Chi TU*, Nguyen Tu UYEN**, Luong Quang DOC***, Le Cong TUAN*, Mai Anh THU*, Hoang Cong TIN*‡

* Faculty of Environmental Science, University of Sciences, Hue University - ‡Email: hoangcongtin@hueuni.edu.vn
** Okayama-Hue International Master’s Program in Sustainability of Rural and Environmental Systems, Hue University, Hue, Vietnam

*** Faculty of Biology, University of Sciences, Hue University, Vietnam
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PRODUCTION OF PROPOLIS BY STINGLESS BEES 
CULTIVATED IN MODULAR TETRAGONULA HIVES

Muhammad Yusuf Abduh**, Annisa Shabrina*, Andreas Shabrina, Andreas Raden Caman, Arsy Elia Pertiwi* and Muhammad Insanu* 
* School of Life Sciences and Technology, Institut Teknologi Bandung

** University Center of Excellence for Nutraceuticals, Biosciense and Biotechnology Research Center, Institut Teknologi Bandung

BACKGROUND METHODOLOGY

RESULTS & DISCUSSION

Composition of Propolis

T. Laeviceps
T. B

iroi
H

. Itam
a

Field of Application of Propolis

Nylon Polyethylene Aluminum

MOTIVE sizes Mesh materials

Propolis 

productivity 

(g/colony/week)

Honey 

productivity 

(g/colony/week)

Small Nylon 1.24 ± 0.21 0.09

Polyethylene 1.12 ± 0.58 0.08

Aluminium 1.12 ± 0.54 0.02

Medium Nylon 1.51 ± 0.63 0.09 ± 0.07

Polyethylene 1.60 ± 0.27 0.12 ± 0.17

Aluminium 1.81 ± 0.80 0.78 ± 0.18

Large Nylon 2.52 ± 0.37 0.12 ± 0.02

Polyethylene 2.32 ± 0.39 0.35 ± 0.35

Aluminium 1.31 ± 0.50 0.03 ± 0.01

1) Cultivation-Modular Tetragonula Hives:
- Size (small, medium, large)
- Mesh material 

2) Extraction of propolis

3) Characterization of propolis

Brown Yellow Red
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Effect of Peanut Shell – Bokashi on growth performance of Vanilla 
planifolia: A case Study in Thua Thien Hue Province, Central Vietnam

Fig. 1. Location of the study area 

* Department of Horticulture- Hue University of Agriculture and Forestry, Vietnam
** Graduate School of Global Environmental Studies, Kyoto University

Authors: Vu Tuan Minh* and Histoshi Shinjo** 

Treatments Dosage Application of Organic matter Treatment sign 

Treatment I Peanut shell + 0,1 kg/m2 Charcoal Bokashi BC 01 (Control) 

Treatment II Peanut shell + 0,3 kg/m2 Charcoal Bokashi BC 03 

Treatment III Peanut shell + 0,4 kg/m2 Charcoal Bokashi BC 04 

Treatment IV Peanut shell + 0,5 kg/m2 Charcoal Bokashi BC 05 

 Fig. 2. Namely of the experimental treatments

 Kyoto University

Table 1. Effect of Peanut shell-Bokashi dose on vine tillering ability of Vanilla 

a, b, c are the letters representing the different groups. The same formulas are represented by the same 
letter; Different letters indicate significant differences at α = 0.05.

Table 2. Effect of Peanut shell-Bokashi dose on the rate of Vanilla vine tillering

applied to …..

Table 3. Effect of Peanut shell-Bokashi dose on number of leaf and leaf area index 

a, b, c are the letters representing the different groups. The same formulas are represented by the same 
letter; Different letters indicate significant differences at α = 0.05.

Table 4. Effect of Peanut shell-Bokashi dose on number of soil properties element

ABSTRACT

The experiment was carried out in Thua Thien Hue province, Central
Vietnam in 2020. It was laid out in Randomize Complete Block design
with 3 replication and 4 treatments. The results indicate that treatment of
application with 0.4 – 0,5 kg/m2 charcoal Bokashi gave highest growth of
vanilla plant and vine branching; The index leaf area index increase was
recorded highest reaches 0.06 leaf m2/ land m2. Beside that, this rate of
Peanut shell- Bokashi also improved soil fertility as compare with other
rate.

Key words: Vine branching, leaf thickness, leaf area index, Vanilla
planifolia.

CONCLUSION

The treatments using high-dose charcoal Bokashi all showed good effect on vine tillering ability compared to the control treatment. The average leaf area of the experimental
treatments did not differ significantly, but the number of leaves in the experimental treatments showed significant differences leading to an increase in the leaf area index.
Peanut shell-Bokashi dosage of 0.4 - 0.5 kg /m2 gives the best results. Its can be indicated for long term taking care of Vanilla in Central Vietnam.
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“Effect of Coffee Pulp compost on growth of Tram Gio 
(Melaleuca cajuputi) at the nursery stage”

Authors: Le Thai Thuy NHI*, Le Thai HUNG**, Hitoshi SHINJO ***  
* CARD Office - ** Department of Forestry, at Hue University of Agriculture and Forestry, Vietnam

** Kyoto University, Japan

Background: As the 2nd largest coffee exporter globally, Vietnam has considerable amount of coffee by-products that are released into
the environment. This has caused environmental pollution in the coffee bean production and processing areas. Besides, for sustainable
agriculture, the use of organic fertilizers is essential. Therefore, the goal of this study is to treat and recycle the raw materials from
coffee pulp to make organic fertilizer, contributing to reducing environmental pollution and developing sustainable agriculture in Vietnam

Background:

Treatment 1: 
T1 

Local method

Treatment 2: T2
Coffee compost 70%
Peanut Shells 30%

Treatment 3: T3 
Coffee compost 70%

Cow dung 30%

Treatment 4: T4 
Coffee compost 70% +

Cow dung +10% Peanut Shells 
10% + Chemical 10%

Local method: 1000 kg of coffee by-products mixed with 1kg of Trichoderma probiotic, 1kg of molasses, 
and 15kg of P2O5, 5kg N, and 3kg of K2O

Anatomy of Coffee cherry 
(Credit: Y,tambe) Material obtained Composting Cultivation

Control: 
CT 

Soil Only

Materials: Coffee pulp and agriculture waste

T1 & T2 showed significantly better growth than the CT
High concentration of chemical fertilizer gave negative effect on the growth
stage of seedlings
T2 could partly replace the amount of chemical fertilizer in T1
Coffee pulp & peanut shells are the ideal material for organic fertilizer

Indicator 
plant: 
Tram Gio 

(Melaleuca 
cajuputi

Powell, 1809)

b

b
b

a

b

a

b

b

c
c

1. Monitoring and evaluating the growth results of Melaleuca Cajuputi plant

Cajuputi essential oil product of LMX Hue

Jun July Aug Sep Oct Nov

T1 T2 T3 T4

2. Effect of fertilizer Treatments on the growth of Melaleuca Cajuputi plant

• Nitrogen nutrient in Peanut shell
• Consistent concentration of chemical fertilizer

Growth of 
Cajuputi

Negative effect

Positive effect

Cf + Chemical 10% (T4)

Cf + Chemical + Probiotic (T1) 
Cf + Peanut shells (T2)

• High concentration of chemical fertilizer
• Timing for composting

Methodology:
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Waste to Food: Integrating organic waste management by insect 
saprophage to food production

Authors: Ramadhani Eka Putra*1, Agus Dana Permana*1, Mia Rosmiati *1, Ida Kinasih*2 , Muhammad Yusuf Abduh*1

*1 School of Life Sciences and Technology – Bandung Institute of Technology 
*1 Department of Biology – Islamic State University Sunan Gunung Djati Bandung

Background
In Indonesia, organic waste has been considered as
major environmental problems. A upcyling method is
required to improve the participant of the community
to reduce the amount of organic waste to be send to
sanitary landfill. The program is Waste to Food,
a upcyling and circular economy model of organic
waste management.

Principle of Waste to
food program

There are three steps of Waste to
Food program
1) To utilize insect saprophage to

decompose and convert organic
waste into (1) insect biomass
which high in protein and lipid,
(2) residues that consisted of
insect frass, a uric acid-based
material rich in nitrogen content
which applicable as fertilizer.

2) Apply the conversion products as
part of food production system
(aquaculture, poultry, and
agriculture)

3) Harvested product return to the
community and provides
monetary benefits to farmers due
to production cost reduction and
improve the food security of the
local community

The insect 
saprophage

Black soldier flies
(Hermatia illucens)

Methodology
Waste to food program is part of studies on the organic waste
upcycling research

The Results

Conclusion
This study show the potency of integrating decomposition 
process of organic wastes by insect with food production 
in small urban farming set up. 

• Larva showed high survival rate in common municipal organic wastes
• Organic wastes rich in protein and carbohydrate more likely to produce 

heavier larvae, a common type of city wastes 

A. The effect of substrate for larva biomass production

B. Integrating organic waste conversion with food production

Integrating the larva production with 
food production 
• Improve the quantity of the 

product.
• Created a significant profit for 

farmer.
• Further study on the safety of the 

products.Author acknowledge the support of Ministry of Research for 
the funding of this study

P1 : More fibers
P2 : More protein
P3 : More fat
P4 : Balanced
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Estimating Corn Health Using High Resolution Aerial Images in 
at The Royal University of Agriculture

Hor Sanara*, Mol Pengkheang*, Pok Sophak*, Cristino Tiburan**, Narumasa TSUTSUMIDA***
* Faculty of Land Management and Land Administration, Royal University of Agriculture

** Institute of Renewable Natural Resources, College of Forestry and Natural Resources, University of the Philippines Los Baños
*** Graduate School of Global Environmental Studies, Kyoto University

1. Background

• In this studies, we are about to measure corn health by
accessing chlorophyll contains;

• Chlorophyll contains are associated with fertilizer amount which
over uses could cause environmental health issues;

• In this poster, we aim at evaluating chlorophyll contains using
very high resolution image acquired Parrot Sequoia;

• This example is taken place over farmers fields and the
technique applied in this poster to test the application;

Figure 01: RGB Image of Corn Field (left), Parrot Sequoia Camera
with Sunshine Senor (Top right [parrot.com]), and Green
Vegetation Reflectance with spectral resolution (Bottom right
[parrot.com])

2. Images Acquisitions and 
Preprocessing

• Date: 31 AUG 2020
• Flight times: 09.40-09.53 am
• Temperature: 34.3 C
• Wind speed 2.9 m/s
• Flight speed: 3m/s
• Altitude: 30m above canopy
• Platform: DJI M100
• Capture mode: GPS
• App: DroneDeploy
• Preprocessing: Pix4DMapper
•

•

•

Figure 02: Aerial Image
Collection Using Parrot
Sequoia Camera onboard
DJI Matric 100
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Figure 04: OOB Error Rate of 
Random Forest Algorithm with 
an error rate at 2.03% mean 

square residual at 29.42

Figure 05: Relationship between 
Actual and Predicted Chlorophyll 
presenting R2 at 0.92 and RMSE 

at 2.45
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R^2=0.92
RMSE=2.45

Figure 03: Each band reflectance frequency (left) and band 
visualization (right). Green is in top right corner, nir is in top left, 

red is in bottom right and red edge in is bottom left

Figure 06: A close at the corn field illustrates chlorophyll 
contains from lowest (38%) to highest (53%) that represent corn 
health. The lowest are death leaf while the highest is the best. 
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Results
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Groundwater is used by all communities. 
Double source (Gr & Bt) is the most popular pattern.
Bara and Garurejo do not drink from rainwater. 

Conclusion

Seyha DOEURN1, Shigeo FUJII1, Hidenori HARADA2, Gugi YOGASWARA1, Frida MASLIKHAH3, Tomohiro KINOSHITA4, Suwanna K. 
Boontanon5 ,Seingheng HUL6, Nguyen Pham Hong LIEN7, Nora H. PANDJAITAN8, and Satyanto K. SAPTOMO8

Non-urbanized SEAs population usually lack 
access to safe water and sanitation. 
As a progress toward achieving SDGs, Goal 6, it is
necessary to understand the situation of water and
sanitation usage in those areas.

Interview-based questionnaire 
survey was conducted in each area. 
The questions mainly focus on
water sources, water end-uses,
and wastewater handling.

To investigate water use behavior in six non-urbanized 
communities of Thailand, Vietnam, Cambodia, and Indonesia. 

Study areas

Jombang

Kota 
Bogor

Phnom 
Penh

Introduction

Objective

Methodology

1) Water sources

(Value is in %.)

3) Source, Treatment & End-uses

4)Toilet types & Wastewater disposal

Hanoi

Boiling followed by water purifier and filtration are used to treat water. 
Almost all possess toilets while blackwater is mainly stored in the 
containment i.e. septic tanks or cesspools. 

. 
n
,

Source Treatment
No = NoneBo = Boiling;Fi = Filtering;WP = Water Purifier;

a) Toilet types b) Black water disposal
(*Containments include septic
tanks, cesspool, seepage tank,
or underground pit, etc.,)

1Grad. Sch. Global Env. Stud., Kyoto Univ., 2Grad. Sch. Asian & African Areas Stud., Kyoto Univ., 3Dept. Agro-ind. Eng., IPB Univ., 4NTT Data Global Solution, 5Dept. Civil Env. 
Eng., Mahidol Univ., 6General Dept. Sci., Innov. & Tech., Min. Sci., Innov. & Tech., 7Sch. Env. Sci. & Tech., Hanoi Univ. of Sci. and Tech., 8Dept. Civil Env. Eng., IPB Univ.

Lai Xa hamlet (n=32)
(Oct 11-15,2019; 0.34 km2;1500 HHs)

Dangkao district (n=42) 
(Nov 15-24, 2018; 117.8 km2; 96100 ppl)

Garurejo hamlet (n=44) 
(Oct 8-Nov 4, 2020; 3.36 km2; 102 HHs)

Trai hamlet (n=106)
(Sep 9-Oct 4, 2019;  0.11 km2; 278 HHs)

Bara hamlet (n=30) 
(Nov 11-Dec 12, 2019; 0.1 km2;120 HHs)

(Dec 12-21,2018; 18.73 km2; 7286 HHs)
Salaya subdistrict (n=38) 

Thailand

Vietnam

Cambodia

Indonesia

1

2

3

4

5

6

Bangkok

West Java
East Java

1

2

3

4

5
6

2) Sources combination patterns

(Value is in %.)

(Value is in %.)
0 50 1000 50 100
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Actual situation of social media use 
By rural hamlets across Kyoto Prefecture

Authors: Tanaka Hatsu*, Onitsuka Kenichiro*
* Graduate School of Global Environmental Studies, Kyoto University

** Department of Environmental Science & Technology, Kyoto University

background

results

methodology

discussion and outlook

1.Changes in communication style
The 20th century was an era in which the media such as

disseminated information in one direction. From the end of
the 20th century, Social networking service(SNS) started
due to the spread of the Internet. On SNS, Two-way
communication between the sender and receiver of
information is possible. As wearable terminals such as
smartphones have become lighter, the devices have
become easier to carry. As the result, the time spent in
contact with such online communication has increased.

2. Problems in rural area using SNS
The introduction of SNS has made it easier to disseminate
information not only inside the region but also outside the
region. On the other hand, it has been pointed out that the
opportunity of communication with people outside the
region decreases the opportunity of communication with
people within the region. This problem may induce
reducing attachment to the region.
In addition, it has been pointed out that effective utilization

of ICT requires human resources with local attachment
and high IT skills.

First, we surveyed Twitter users in Kyoto prefecture and
clarified the current usage of social media.
Using search engine of Twitter, we searched the 1874 area 
in Kyoto Prefecture. As the result, we extracted only the 
account name from the information collected by crawling. We 
created three patterns of character strings.

Search string pattern
“ ” + “each district“ 
"ward / city name" + "each district“
“Character string excluding “ ” from ward / city name” + 

“each district”

We obtained  the best search results from the search  string 
and extracted 132 Twitter accounts of stores, personal 

names, and local governments.
However,  some accounts that were no longer in use.

Improvement points
In this survey, some accounts could not be collected, so 

further improvement of the search method is required.
Since the survey was conducted only on Twitter, it is 

necessary to survey other social media and clarify how 
people in the district communicate.

Outlook
Using this result, we collect the target area  in which we 
investigate communication with people inside and outside the 
village  and simulate the influence of future changes in 
communication style on the village function maintenance 
activities.

The relation between the user level of ICT and community attachment

The purpose of this study
We investigate how future changes in communication style 
will affect the communication with people inside and outside 
the village. Before that, we clarify the current  online
communication on SNS in Kyoto Prefecture.

0 50 100 150

The number of Twitter accounts of  3 pattern 

91
132

111

Current
Communication 

style

Future
Communication

style
Simulate

Many scenarios
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Challenges for Realizing Regional Revitalization
Utilizing Traditional Industries in Rural Areas

Authors: Yukiho Yoshida*, Kenichiro Onitsuka**, Naoko Toyoshima*, Satoshi Hoshino** and Natsuki Shimizu*** 
* Graduate School of Agriculture, Kyoto University  ** Graduate School of Global Environmental Studies, Kyoto University

*** Graduate School of Agricultural Science, Kobe University

1. Background
In Japan, it is difficult to secure the raw materials for traditional 

crafts. On the other hand, in rural areas, revitalization of local 
industries is required through the development of specialty products, 
and the introduction of traditional industries from outside the area is 
expected as one of the means. From these points of view, stable 
production of “Kyoai,” indigo plants endemic to Kyoto, is required in 
Hozu Town, Kameoka City, Kyoto Prefecture. However, farmers, 
who are expected to grow Kyoai, are not eager to cultivate it. In this 
study, we clarified the issues of Kyoai cultivation in terms of crop 
cultivation conditions and farmers’ consciousness, considering ways 
to expand its cultivation.

2. Methodology
We conducted a literature survey and a hearing survey on the 

cultivation conditions of crops. We also conducted a questionnaire 
survey on the farmers' consciousness and analyzed the results by 
path analysis.

3. Results
3.1. Crop cultivation conditions 

In terms of profitability, the production value per area of Kyoai is 
higher than that of paddy rice, black soybeans and red beans 
(Table). In addition, a cultivation system using machines has been 
established for paddy rice, and the use of machines is expanding in 
the cultivation of soybeans and red beans, but most of the processes 
in Kyoai cultivation are performed manually. Regarding the land 
conditions, the soil is clayey, and drainage is not very good in the 
most part of Hozu Town. However, soil with good drainage and 
water retention is suitable for cultivation of soybeans, red beans, and 
Kyoai.
3.2. Farmers' consciousness

In this study, a hypothetical model was set with reference to the 
two existing models, and path analysis was performed using Amos 
(Fig.). As a result, the pass coefficient from interest in Kyoai 
cultivation was 0.703, and the pass coefficient from expectation for 
Kyoai to interest in Kyoai was 0.495, which were relatively high 
values.

e1

e3

e2

.54

Willingness to participate 
in Kyoai cultivation

Interest in Kyoai

Sense of crisis 
about the region

Attachment to 
the region

Cognition of Kyoai

Expectation for Kyoai

Connection to Kyoai

Feasibility/Cost-benefit 
assessment about Kyoai 

cultivation

Willingness to participate 
in regional revitalization 

activities

.35

.50

.02

.48

.10

.41

.70

.02

.17

.32 .38

.52

.25

CFI=.896 RMSEA=.089 AIC=114.373

Fig. Analysis result

Acreage
(ha)

Production
(kg/10a)

Production 
amount
(yen/kg)

Working 
hours

(hours/ha)

Production 
amount per 10a

(yen/10a)
Paddy rice 353.8 520 203 95.8 105,560
Soybeans 24.0 100 1,092 109,200
Red beans 63.9 100 1,076 110.5 107,600
Barley 82.8 180 101 43.9 18,180
Kujo green onions 25.3 5,000 650 1,038.0 3,250,000
Kamo eggplants 3.4 5,439 381 2,072,259
Onions 21.8 5,000 142 710,000
Chinese cabbage 3.0 5,667 53 300,351
Other 0.7 - 73 -
Kyoai 2.81 1,725 100 1,819 172,500

Table Comparison of acreage, production, production amount and working
hours between main crops grown in Hozu Town and Kyoai 

Significant at 0.1%
Significant at 5%
Not significant

4. Discussion
Since Kyoai were newly introduced in Hozu Town, it is 

expected that few local residents recognize it as local resources 
of the region. From the results of the questionnaire survey, it can 
be seen that few farmers know about activities such as indigo 
dyeing and indigo cultivation. Therefore, it is necessary to 
disseminate information on activities related to Kyoai within the 
region. In addition, from the results of path analysis, it was shown 
that giving the expectation that Kyoai will be useful for regional 
revitalization may lead to interest in Kyoai, and whether they are 
interested in Kyoai is related to the willingness to grow Kyoai. 
Therefore, in order to spread the cultivation of Kyoai in Hozu 
Town, it is important to have the expectation that activities related 
to Kyoai will lead to the activation of the town. In addition, 
although it was not possible to show from the analysis of the 
questionnaire survey that cost-benefit assessment by farmers 
affect the willingness to work on Kyoai cultivation, there is no 
doubt that whether the crop cultivation can generate profits is a 
big issue for farmers. Although mechanization can be mentioned 
as a means to increase profitability, it is necessary to consider 
focusing on establishing a method of cultivating Kyoai by 
hydroponics. If production by hydroponics becomes possible, it 
can be expected that unused paddy fields will be utilized.
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Indonesia’s

Should be ≥ 

“We assumed urban expansion is like a disease, it can 
be grow and spread out”

(

).

No, 8 in 10 people don’t live in urban areas. Not yet 

“Significantly Changed 
Area”. 

Jabodetabek’s

detik.com, Deforestationassignment101.weebly.com,
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Study on Sustainable Land Use Planning for the 
Revitalization of Senjo Marginal Village

*Author: Porte Leo
**Graduate School of Global Environmental Studies, Kyoto University

Reduced, aged and isolated by municipal merges the village
community is shrinking and with it a unique historical
landscape. Urban residents of the nearby Saijo city re-
cultivating abandoned lands in the village have the potential
to preserve this environment and support the local
community.

Senjo village, located in the
Japanese prefecture of
Ehime, lays on a man-made
landscape of 2500 terraced
fields inherited of the 16th

century.

Method

View of Senjo terraces

1. Identify available lands→ interviews of villagers, global
positioning system and local land use maps.

2. Evaluate lands characteristics→ observations, satellite
imagery and GIS tools.

3. Rate characteristics and needs of crops→ weight by local
cultivators.

Results and Discussion
An effective agricultural revitalization, beyond saving a
fading landscape, could also preserve the ancestral culture
and practices linked to its management. The village
community could in addition benefit from social interactions
created by these activities, reducing adverse effects of its
geographical and social isolation.

Overall, a better cooperation must be built between the
village historical community and urban residents willing to
help the village through opportunities to communicate and
interact. Opportunities like the declining local festival
craving for support and manpower.

Interview, GPS identification and local land use map.

Fig. 1 Method flow displaying land characteristics, available lands and crops 
merits.

Fig.2 Assessment of sustainable land use for available lands.

Fig.3 Villagers opinions on agricultural revitalization benefits for their 
community.

References : Islam. M, Ahamed. T, Noguchi. R, Land suitability and insurance premiums: A GIS-based multicriteria analysis approach for suitable rice production, Sustainability, Vol 10,
May 2018.Onitsuka. K, Hoshino. S, Intern-community networks of rural leaders and key people: Case study on a rural revitalization program in Kyoto Prefecture, Japan, Journal of Rural Studies, Vol
61, pp.123-136, July 2018. Neumeier. S, Social innovation in rural development: identifying the key factors of success, Georg. J, Vol. 183, pp.34-46, 2017.

Introduction

Objective : Plan an efficient revitalization of the village
agriculture based on a sustainable cultivation of available
lands.

Arboriculture
High adaptability

Rice
Restores landscape

Vegetables
High rate of activity
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Urban Plant Diversity of Kyoto City: 
A Land Use Perspective

Jiefeng Kang 1   , Shozo Shibata 1,2

1 Graduate School of Global Environmental Studies, Kyoto University  2 Faculty/Graduate School of Agriculture, Kyoto University 
kangjf1943@gmail.com

• 224 species of woody plants were recorded in Kyoto City
• Biodiversity pattern at city scale is different from that of

quadrat scale
• Both total richness (γ diversity) and quadrat richness (α

diversity) are higher in residential area among the land use
types

• Richness can act as a good surrogate of biodiversity indexes,
but it is better to measure evenness as a supplement

• Biodiversity is essential to Ecosystem Services in cities.
Urbanization causes habitat loss, while human management
and resources input also provide opportunity for biodiversity
conservation and environmental education. Besides, local
conservation contributes to global biodiversity target.

• Research gaps identified by literature review:
- Most research is for American and European cities, while less

for the others like Asian cities, especially for cities of Japan.
- And Richness was frequently used in previous research,

while there are other dimensions of biodiversity, like evenness
and abundance of species.

- The relationship between land use and biodiversity pattern
provides guidance for future ecological management of city,
while it is less addressed for now.

• Research Goal: Biodiversity pattern for different land use
types in Kyoto city

• Methodology
- Field survey: Set 175 plots in Kyoto City, 20 m x 20 m quadrat

for each plot. The species name of all woody plants in the
quadrat are recorded, as well as some attributes, including
number of trees or area of shrubs, planted or spontaneous,
public or private.

- Data analysis in R 4.0.2: biodiversity across land use types are
compared at both city and quadrat scale; the correlations
between quadrat biodiversity indexes are analyzed to test the
effectiveness of Richness as surrogate of biodiversity in urban
plant diversity research.

• Number of species: 224 species / 77 families: 141 species for
trees and 192 for shrubs were recorded in this study.

• Abundance: 1400 trees and 1194 m2 of shrubs were recorded; the
most common families are Rosaceae Berberidaceae
Oleaceae Theaceae and Fagaceae

• Attributes: 93% trees / 88% shrubs are planted; 71% trees / 59%
shrubs are privately owned; 75% trees / 75% shrubs are native
species.

• The difference among groups was tested by Kruskal-Wallis test
- For trees: significant differences for plant density, richness and
Shannon index across land use types; the highest indexes are
generally in residential areas.

- For shrubs: significant difference only shows for plant density
while not for other indexes - different from that at city scale.

Richness can act as a surrogate of biodiversity indexes: it is
positively correlated to most indexes for both trees and shrubs; but
evenness should be measured as a supplement: variety of
relationships between evenness and other indexes.

Species Accumulation
Curves depict the total
richness (γ diversity) of
land use types: highest
for Residential areas.

Rank Abundance Curves
depict overall evenness:
Rank see the graph
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Watugedhe Arjowilangun
Job opportunity Salary Health facility Education facility Living codition

Migration intention of young villagers:
Comparison between peri-urban and remote rural areas of Indonesia

AR. Rohman Taufiq Hidayat *1, Kenichiro Onitsuka *1, Satoshi Hoshino *1

* Graduate School of Global Environmental Studies, Kyoto University

Background

Results

Methodology

Discussion

The emigration of the villagers of developing countries has been
investigated (Jedwab et al., 2017; Kojima, 1996). However, less study
addresses rural typology in rural emigration. This research aims to
compare the migration intention of young villagers between the peri-
urban and remote rural areas of Indonesia. Source of information is
essentials to overcome distance and information barriers of migration
(Lee, 1966). Migration intention is an early stage of migration and
established during adolescence and early adulthood when they
consider a place to stay and to work.

Variables: Migration intention, sources of information, internet use
Respondents: 630 Young villagers (15 to 24 years old)
Case study areas: 1. Watugedhe Village (Peri-urban rural area)

2. Arjowilangun Village (Remote rural area)
Malang regency, Indonesia

Analysis: Descriptive statistic

References

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Urbanized rural

Remote rural

Not at all Will not Doubt Will Definitely yes

Fig. 3 Source and kind of information comparison between rural typologies

actual 
conversation 

with friends 
or relatives 

who are 
migrant or 

returnee

1

2

Other source of information: flyer, poster, etc.

56.7% of respondents want 
to work in the city while 
living in the village

Fig. 2 Emigration Intention

Source of information: Respondents of peri-urban rural receive information from the internet, TV, and actual conversation. Their interaction with
urban dwellers allows them to get information through actual conversation possibly on the daily basis. Respondents of remote areas utilize a diverse
source of information to obtain information. The Internet is the main source of information. The actual conversation is second highest and limited
because of less interaction with returnee and active migrants who temporarily visit the village.

Information regarding destination: Respondents of remote rural area less receive and obtain information regarding health facility (fig. 3 marked
with a red circle) because their purpose of emigration is mainly improving economic condition. While respondents of peri-urban rural consider that all
information regarding destination is necessary. Internet use is prominent source of information for both areas, especially internet for social media.

Migration Intention: respondents of peri-urban rural have less intention to emigrate than remote villagers because their village already is located
close to the urban area and has similar characteristics to the urban area. They tend to work in urban areas because the urban area offers diverse job
opportunities. Respondents of remote rural have a strong intention to emigrate to improve their livelihood where their village has fewer public
facilities and diverse economic opportunities. Actual permanent emigration hit a low score. We argue they tend to temporary emigrate because this
village is one of the main contributors of the international migrant worker in the Malang regency

Jedwab, R., Christiaensen, L., & Gindelsky, M. (2017). Demography, urbanization and development: Rural push, urban pull and … urban push? 
Journal of Urban Economics. https://doi.org/10.1016/j.jue.2015.09.002

Kojima, R. (1996). Introduction: population migration and urbanization in developing countries. The Developing Economies, 34(4), 349–369. 
https://doi.org/10.1111/j.1746-1049.1996.tb01176.x

Lee, E. S. (1966). A Theory of Migration. Demography, 3(1), 47–57. https://doi.org/10.1007/S13524-011-0049-9

Fig. 1 Case study areas

Watugedhe Village (2018) : 10,5 km 
from Malang City; Built up area 43% of 
total area and has urban 
characteristics. Approx. 2.56% of 
villagers are farmers. Net out-migration: 
208 people.

Arjowilangun Village (2018) : 40.4 km 
from Malang City. Agricultural village. 
International migrant worker: 25.63% of 
labor forces.

Malang City

Malang Regency

Peri-Urban rural area Remote rural area

70



71



November  30– December 1 , 2020, Online symposium

URBAN HEAT MITIGATION IN A DEVELOPING TROPICAL CITY: 
A CASE STUDY OF KUALA LUMPUR, MALAYSIA

Chng Saun Fonga,b, Logaraj Ramakreshnana,b, Nik Meriam Sulaimanc, Nasrin Aghamohammadib
aInstitute for Advanced Studies, University of Malaya; bDepartment of Social and Preventive Medicine, Faculty of Medicine, University of Malaya; 

cDepartment of Chemical Engineering, Faculty of Engineering, University of Malaya

Background

Methodology

Results & Discussion

Acknowledgements
We would like to express our highest gratitude to
Kyoto University International Symposium 2020 and
a special thanks to Prof. Dr. Yoshihisa SHIMIZU for
the invitation to “Education and Research in Global
Environmental Studies in Asia”.

Contact information

Conclusion

The escalation of global temperature and urban heat
island (UHI) phenomena have disastrous
consequence on the urban ecosystem and human
population. With more than 50% of the world
population living in urban areas, there is an urgency
to ensure urban resiliency towards climate change
especially in developing tropical cities. A study was
conducted to explore strategies to mitigate UHI within
a tropical urban setting using modelling and
simulation approach.

The study is conducted in two phase:
1) Weather stations are used to monitor key
meteorological parameters such as air temperature,
humidity, wind and solar radiation for the model input.
2) A modelling and simulation approach was carried
out via case scenarios to identify the effectiveness of
cooling pavement, urban vegetation, green roofing
and green façade in mitigating urban heat.

Urban vegetation is the
best model in mitigating
urban heat. A 15%
increase in green
coverage can result up to
1°C temperature
reduction.

The study have shown evidence for urban heat
mitigation but more effort is needed to translate the
findings into real-scale application.
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Seasonal and gender impacts on fecal exposure 
trends in an urban slum of Bangladesh

Authors: Min Li Chua*, Shotaro Goto*, Michiya Kodera*, Hidenori Harada**, Shigeo Fujii*, Md. Nazmul Ahsan***, Akira Sakai**** 
* Graduate School of Global Environmental Studies, Kyoto University

** Graduate School of Asian and African Area Studies, Kyoto University
***Life Science School, Khulna University

****University of Marketing and Distribution Sciences

Background

Methodology

Results & & Discussion

Objectives
1. Do seasons and gender affect fecal exposure 

trends?
2. What are the main exposure pathways caused by 

season and gender differences ?
by 

Methodology

Background
Slum children may be at high diarrheal risk due to
• Densely populated community
• Poor sanitation conditions
However, fecal exposure trends in slum environment are 
unclear, including season/gender-based contexts

(4) Microbial Escherichia coli (E. coli tests)
E. coli were cultured by XM-G (Nissui, Japan) or Chromocult coliform agar 
(Merck, US), incubated for 22-24 hours and enumerated the blue profiles in 
culture plates as E. coli concentration.

(5) Exposure calculation by Monte Carlo simulation over 100,000 iterations

= Exposure amount of activity i over a day (CFU/day)
= Randomly determined E. coli concentration of medium j based on 

Probabilistic Density Function defined (CFU/medium j)
= Exposure factor or unit intake of medium j for activity i (amount of medium 

j/time)
= Frequency or time duration of activity i per day(time/day)

(1) Study background
- Study area: Camp 1, Khulna city, Bangladesh
- Survey periods: November – December 2013, 2015 (dry season);

September – October 2013, 2015 (rainy season)
(2) On-site investigation (human behavior study)

- Diary recording of children (n = 3 boys, 3 girls)
- Questionnaire survey of mothers (n = 30)
- Interview survey of children (n = 10 boys, 10 girls)

(3) Six transmission pathways and their associated media

Bathing
(pond 
water)

Bathing
(well 

water)

Drinking
(drinking 

water, cup)

Eating
(plate, 

hand, food)

Outdoor play
(outdoor soil, 

hand)

Figure 1 E. coli concentrations of environmental media in both dry and rainy seasons with the
total sample number (n) and the E. coli-positive sample number (+) in dry and rainy seasons.
N.s. means not significant. Not-detected (ND) data were set to half of their detection limits in this
figure. POU means point-of-use.

+/n dry      21/36          8/24           20/20                        20/20                            10/14          10/14
+/n rain     34/42        12/13           14/14                        15/15                              3/10            7/10

(1) Seasonal impact in E. coli concentration
(2) Gender impact in daily time duration of bathing

(3) Seasonal and gender impacts in daily exposure per activity

Figure 2 Daily time duration of pond bathing and well bathing for a boy and a girl by comparing in the
types of bathing activities in each gender. The line plot represents the median value in each group of
data.

Figure 3 Daily E. coli exposure amount for a boy and a girl in a typical scenario for each season-based
transmission pathway with plots representing 10th, 50th and 90th percentiles of each activity. In this
scenario, the bathing activity for a boy and a girl was set as pond bathing and well bathing respectively.

figure. POU means point-of-use.

•
•

•

•

•

•

Acknowledgement: This study is funded by Research Institution for Humanity and Nature, JSPS KAKENHI (16H02748, 16H04436). We would like to thank all the supporting parties including participants in 
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Flood Vulnerability Assessment for Rural District in Danang City, 
Vietnam

Authors: Tran Thi An1, Venkatesh Raghavan2, Nguyen Vinh Long3, Saizen Izuru4, Tsutsumida Narumasa4

1University of Science and Education, The University of Danang, Vietnam
2Graduate School for Creative Cities, Osaka City University, Japan;

3Central and Highland Sub-Department of Natural Disaster Management, Vietnam Disaster Management Authority;
4Graduate School of Global Environmental Studies, Kyoto University, Japan.

Danang is a coastal city in the Central Region, Vietnam which is considered as a sensitive area under the high risks of natural
disasters and climate change. Hoa Vang district which is a rural district of Danang City is recognized as the most flood damaged region
in the city due to its location and topography. This study develops a flood vulnerability assessment method for the Hoa Vang district,
Danang City based on the Geographic Information System (GIS). The concept of vulnerability has been more widely studied from
various perspectives. In this study, the flood vulnerability is evaluated using the approach proposed by the IPCC (Intergovernmental
Panel on Climate Change) in which vulnerability is understood as a function of exposure, sensitivity, and adaptive capacities (Figure 1).

1. Introduction

Figure 1. Research Approach for Flood 
Vulnerability Assessment based on (IPCC, 2014).

In order to quantitatively assess the impact of flood, the Flood Vulnerability Index
(FVI) is calculated based on the parameter set for each component of the
vulnerability function. The parameters are standardized from 0 - 1 and integrating
with the AHP method (Saaty, 2008) to determine the weights for component
variables, thereby determining the FVI for each area. Results from this study have
distinguished areas (at commune level) with different flood vulnerability degree from
low, medium to high. This study is a baseline for proposing a number of adaptive
solutions for areas under highly flood vulnerability.

2. Methodology

Component Criteria Method of 
generation 

Data Source Weight

Exposure Elevation GWR Global DEMs 
and Spot height 

data

0.46

Flow 
accumulation

Hydrologic 
analysis 

GWR DEM 0.1

TWI Hydrologic 
analysis

GWR DEM 0.16

Distance to 
river channel

Euclidean 
distance

River channel 0.28

Sensitivity Population Statistic Statistical 
Yearbook

0.16

Percentage of 
Paddy

Statistic Statistical 
Yearbook

0.29

Percentage of 
Built-up

Statistic Statistical 
Yearbook

0.54

Adaptive 
Capacity 

Average 
Income

Statistic Field Survey 0.5

Poverty Index Statistic Statistical 
Yearbook

0.5

3. Results and Discussion

Figure 2. Flowchart of data processing for flood 
vulnerability assessment.

Figure 3. Flood Vulnerability Map for Hoa Vang District –
Danang City.

Table 1. Criteria and corresponding weights for evaluation flood vulnerability in 
Hoa Vang district.

The very high vulnerability areas in Hoa Vang district belong to the
lowland communes including Hoa Tien, Hoa Chau and Hoa Phuoc (Figure
3). These areas are characterized by the low topographic, nearest
distance to river channel and very high density of population. Comparing
to field survey data on flood sign, it is shown that most of flood pillar point
in this study area located in the high vulnerable communes. The high
correspondence with field flood pillars reveals the effectiveness of multi-
parametric approach in flood hazard assessment.
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Quantitative Zoning Method Approaches to Identify the Typology of Spatial 
Planning Inconsistencies in the Upstream of Ciliwung Watershed 

 Authors: Siti Wulandari *, Ernan Rustiadi **, Didit Okta Pribadi *** 
 *)Center for Regional Systems Analysis, Planning and Development (CrestPent), IPB University.  

**)  Regional Development Planning Division, Department of Soil Science and Land Resource, Faculty of Agriculture, IPB University, 
***) Research Center for Plant Conservation and Botanic Garden, Indonesian Institute of Science, Indonesia

 
Background 

The Puncak area of Bogor is a natural tourism area which is part of the upstream 
Ciliwung watershed. This area had a strategic role to protect the Ciliwung watershed 
ecosystem as protecting water catchment areas, controlling floods and soil erosion 
[1]. Reality, there has been inconsistencies between land use and spatial plan with 
the complexity of  land tenure. The negative impact of environmental damage to the 
upstream Ciliwung watershed will affect the surrounding area, such as floods and 
landslides [2]. The Location of inconsistent areas are scattered in various spatial 
pattern typologies associated with various factors which have implications for the 
different approaches to control. One of the factors driving the inconsistency in the 
Puncak area is the complete facilities and natural resources that attract many 
investors to build villas, hotels, restaurants to support activities. The high interest of 
investors has resulted in a tendency for builders to be exploitative [3]. This study 
aims to determine the typology of inconsistency in spatial use in the Puncak area 
(using the Rustiadi Zoning Quantitative Method) and its relationship with land tenure 

Methodology 
This study uses Rustiadi spatial clustering method 1 and 2 to 
identify the typology of spatial planning inconsistencies in the 
Upstream of Ciliwung Watershed. Spatial Clustering I: Introducing 
geographical positions (X coordinate and Y coordinate of each 
spatial unit) and using spatial weight of contiguity ((B <1) strong, 
(B> 1) weak) as variables in clustering procedure, whereas Spatial 
Clustering II: Introducing spatial association in clustering procedure 
[4]. 

 ....(Spatial Clustering 1) 

Where Dij is Euclidean distance value between object i and j; z is the standardized 
value of variables for object i and j; m is the number of variables used in the 
research; X and Y is a centroid coordinate of each spatial unit analyzed; and β is 
spatial contiguity weight. 

₸  =  =  ...(Spatial Clustering 2) 

Where i is the unit of area; j is the neighboring area around of area i,  zi “is the 
new attribute value for region i as a result of data manipulation i which is similar to 
its neighbor's value; zi  is an attribute value of the unit of area unit-i;  is the value 
of the average attribute for all j regions around region i; zj is an attribute value of 
the neighboring region of j; Wij is the weight value of association / spatial 
relationship or distance between i and j, m  is the number of neighboring areas 
around I. 
• In the clustering process, for variables (8 Variables) were analyzed first with 

Principal Component Analysis (PCA,) new data (factor scores) were 
standardized automatically. 

Factor Variables 
Factor 1 (The widespread area of 

inconsistencies) 
Population density; Class of Area, Total Edge, Largest 

Patch Index 
Factor 2 ( The spread randomly area of 

inconsitencies) 
Village development indeks (IPD), Number of patch, 
Patch density, Landscape shape index) 

1. The results show that inconsistency in Puncak area divided into 
two clusters. Cluster 1 dominanted by inconsistency in the form 
of allocated agricultural land with occupied by settlement, while 
cluster 2 was dominanted by inconsistency the form of state 
forest land occupied by agricultural land use or settlement.  

2. The area of inconsistency in cluster 1 is dominated by the 
individual private-hold ownership as well as non-registered state 
land, while cluster 2 is dominated by the status of land for 
Cultivation Rights (HGU) and non-registered state land. 

3. Spatial use control in the Puncak Bogor area is carried out using 
two different approaches. 1) To solve problems in areas of 
randomly scattered settlement inconsistencies (Cluster 1), use a 
community empowerment approach by maintaining local cultural 
wisdom and regional functions. Whereas 2) To solve problems in 
areas of inconsistency in forest areas and land with HGU status 
(Cluster 2), prioritizing a legal approach (law enforcement) with a 
technology-based monitoring system to minimize disruption to the 
function of the area. 
 
 
 
 
 
 
 
 
 

Cluster Factor 1 Factor 2
Cluster 1 Low High
Cluster 2 High Low

[1] Peraturan Presiden  Nomor 54 Tahun 2008 Tentang Kawasan Jakarta, Bogor, Depok, Tangerang, Bekasi, Puncak, Cianjur. Jakarta (ID): Pemerintah Republik Indonesia  
[2] Rustiadi E, Barus B, Prastowo, Iman LOS. 2012. Pengembangan Pedoman Evaluasi Pemanfaatan Ruang Penyempurnaan Lampiran Permen LH 17/2009. Bogor:  
[3] Pribadi DO, Zasada I, Muller K, Pauleit S. 2017. Multifunctional adaption of Farmers as response to urban growth in the jabodetabek metropolitan area, Indonesia. Elsevier 55 (2017) 
100-111 
[4] Rustiadi E, Kobayashi S. 2000. Contiguous Spatial Classification: A New Approach on Quantitative Zoning Method. Journal of Geography Education. 43:122-136. 

4. In this research, 
the best coefficient 
of variation (CV-
Value) in the 
Rustiadi quantitative 
zoning method is 
spatial clustering 2 
(the CV value is the 
smallest than the 
others) 
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Characterization of Hazards and Climate Change 
Projections in Southern Sierra Madre Region, Philippines

Authors: Jan Joseph V. Dida*, Cristino L. Tiburan Jr.*, Narumasa Tsutsumida** and Izuru Saizen ** 
* Institute of Renewable Natural Resources, College of Forestry and Natural Resources, University of the Philippines Los Baños

** Laboratory of Regional Planning, Graduate School of Global Environmental Studies, Kyoto University

• The Southern Sierra 
Madre Region is one of 
the richest areas in the 
Philippines in terms of 
Biodiversity.

• Despite its ecological 
value and importance, 
studies and historical 
events have shown that 
the region is generally 
susceptible to landslide 
while the coastal areas 
are susceptible to flood. 

• Given the various 
climate change risks and 
disaster threats, it is 
necessary to generate 
the hazard information in 
Kaliwa and Kanan
watersheds. 

Methodology Results and DiscussionBackground

Figure 1. Landslide and Flooding 
Occurrences

• Both the Kaliwa (476 
sq.km) and Kanan (391 
sq.km) watersheds are 
situated in the 
southeastern part of 
Luzon, Philippines.

•Majority of the Kaliwa
watershed areas are 
located at around 400-
500 masl while Kanan
watershed areas are 
located at 300-600 masl. 

Figure 3. The Kaliwa and Kanan
Watersheds

Collect Climate and 
Hazard Information

Develop Exposure 
Database

Summarize findings 
and Identify next steps

Figure 2. Flow of Activities

Figure 4. Seasonal median rainfall 
and temperature projections observed 
in the area based on RCP 4.5

Figure 5. Active Fault Lines and 
Earthquake-Induced Landslide 
Susceptibility in the area.

Element CC H

Population

Natural resource-
based production 
areas

Critical Point Facilities

Lifeline Utilities

Urban Use Areas

Table 1. Initial Exposure Database 
and Available Data.
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Development of a new participatory planning method 
using virtual reality technology

Authors: Nota Ohara, Kenichiro Onitsuka, Mari Miyaji, Satoshi Hoshino
*Graduate School of Agriculture, Kyoto University

**Graduate School of Global Environmental Sutudies, Kyoto University

Background and research objective

About 3D-modeling and VR technology

Research flow and Material

The population decline in rural areas of Japan has continued 
since the 1965s, and it is expected that this trend will not 
change in the future. In this situation, what is required is a 
sustainable new way of preventing the weakening of local 
communities that have supported the environmental 
conservation of rural areas and the solution of problems in 
local communities by working outside the region. 

1 Background

ICT can be used in rural villages such as the regeneration of 
existing local communities and the formation of new 
communities in that residents can communicate with each 
other without being restricted by time and space. 

With the introduction of ICT, a new rural planning method 
that allows large numbers of people and remote participation 
is being developed. 

The general understanding and interest in virtual technology 
has been rapidly increasing in recent years, but there are still 
few studies that utilize information spaces to verify their 
effects from the perspective of rural planning.

This study examines a new participatory planning method 
using a virtual reality technology, which facilitates people to  
express their opinions from remote. 

2 VR in rural areas

3 Research objective

The research objective of this study is to evaluate the effects 
of a new participatory planning method using virtual reality 
technology.
We forecast that by introducing the VR-technology and 
partially virtualizing the place for residents to participate, 
more people can deeply understand the local situation and 
express their opinions, and the significance of residents' 
participation in planning.

*Kishubinchotan-Promotion
Center

1 Research flow

1:Collecting opinions from related parties locally

2 Material

The Kishubinchotan-
Promotion Center in Minabe
Town, Wakayama Pref. was 
selected as the target facility. 
We created a virtual reality 

model of Kishubinchotan-
Promotion Center using a 3D 
laser scanner, Leica BLK360, 
and Matterport, showing the 
model online to collect opinions 
from people living inside and 
outside Minabe Town

*3D model by Leica BLK360*3D model by Matterport

2:Creation of 3D model of the building

3:Show the current 3D model to the townspeople online and 
collect opinions

4:Setting of renovation design based on the opinions of
the townspeople

5:Creation of 3D model of the promotion hall according to 
the renovation design

6:Show the 3D model to the townspeople and others online
and collect opinions again, then re-evaluating the plan

1 Matterport

Matterport is a camera + server 
service that uses a 3D scan 
camera released by Matterport in 
San Francisco, USA. High-quality 
VR images taken with the camera 
can be saved in the server and 
viewed as if you were actually 
walking around.

2. Leica BLK360

The Leica BLK360 is a 3D laser scanner that 
provides accurate point cloud data. In this research, 
the renovation design based on opinions is obtained 
by converting the point cloud data obtained from this 
3D scanner into polygon data, and then constructing 
an exhibition design based on opinion gathering in 
cooperation with the Department of Architecture and 
editing accordingly.

As you can see in the picture above, we can 
get inside the 3D models created by these 
cameras.
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DECADE AT SUB-URBAN COMMUNITIES NEAR HANOI
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Nguyet ANH***, and Nguyen Pham Hong LIEN****
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****School of Environmental Science and Technology, Hanoi University of Science and Technology

Has people’s water use 
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Contribution of payment for forest environmental services
(PFES) to the livelihood of ethnic minorities in central Vietnam

Authors: Le Thi Thu HA*, Hitoshi SHINJO*, 
* Graduate School of Global Environmental Studies, Kyoto University

Background: Vietnam is the first nation in Asia introducing the PFES scheme on a nation-wide scale since January 1st, 2011. The
PFES is considered as a main breakthrough to socialize the forestry sector by transferring money from forest resource users such as 
hydropower plants and water supply services to the local communities in charge of forest protection activities. There are so many 
challenges when the policy is introduced to reality. It is necessary to consolidate the effectiveness of implementing the PFES in 
Vietnam. This study aims to elucidate how the PFES is distributed to households, how it contributes to the livelihood of ethnic minorities 
in central Vietnam, and how the local people recognize PFES.

Methodology
Study site: Hong Kim commune, A Luoi district, Thua Thien Hue 
province, Vietnam. Sample and data collection: Focus group 
discussions, semi-structured interviews, and participatory 
observations were applied in this study. Out of 553 households in 
this commune, 133 households were randomly selected from 
calculated via the Slovin formulation (1960) and divided into two 
different groups named Forest protection group (FPG, n=67) and 
Non-forest protection group (NFPG, n=66).

1. How the PFES is distributed to households of FPG
Results and discussion

2. How PFES contribute to livelihood income of FPG

Although the total income per year of FPG (3,112 USD) seemed 
higher than those of NFPG (2,794 USD), they were not significantly 
different. This means that although FPG has additional income from 
PFES (50 USD per year), this source of income is negligible 
(accounted for only 2% of total income).

Conclusion & Recommendation:
Indirect payments have contributed to 
less payment received by FPG. Although 
PFES income (2%) is not really 
significant in the total household income, 
the non-monetary value is a great 
motivation for people to join FPG. It is 
necessary to expand receiving payment 
from other service users to support 
people's livelihoods. It is better to openly 
and transparently select members to 
ensure fairness and promote the 
effectiveness of PFES to involve the 
entire commune.

3. People perception of the PFES 

Only 122 
out of 553 
households 
could 
become 
members of 
FPG due to 
the 
limitation of 
the 
allocated 
forest.

The non-monetary benefits of PFES and other projects, which aim to restore and maintain 
the function of forest ecosystems in providing abundant water resources for agriculture and 
domestic use, reducing risks of erosion and landslide, providing NTFPs, saving culture and 
customs of the community, is a big motivation for interviewers to be members of FPG.

The distribution of PFES to FPG households via indirect 
payment method

Government officials in FPG (19%) hold a higher percentage 
than those of NFPG (5%), which might marginalize the opportunity 
of vulnerable households to become members of the FPG. 
Middle-aged (36-45) were willing to join FPG. Because young 
people prefer to do other jobs and are not interested in FPG, the 
elderly are not healthy enough to join this activity.

* Socio-demographic characteristic of FPG
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1. Conduct further data analysis on the willingness of chairmen of
rural planning council based on questionnaires.

2. Conduct questionnaire survey on the perception of residents in
one sample village that is renewing their rural plan.

3. Conduct a long-term research to confirm the sustainability of
village-scale plan (tentative).

Next steps

Japan is facing with an aging population and low birthrate, especially
in rural areas. As a result, local governments has begun to take
measures. Kobe City, Hyogo Prefecture implemented a regulation
called “Regulation on the Designation of Symbiotic Zone of Human
and Nature” in 1996, which is an advanced rural development policy
in Japan aiming to create a comfortable rural environment.

The regulation has been implemented for more than 20 years.
According to interviews, however, the succession of these rural plans
has not been implemented very well.

This research aims at identifying the current situation of succession
of village-scale plans and increase the sustainability. It focuses on
chairmen of rural planning council, who should act as leaders in
planning activities. The following objectives are tackled:
1. To find out personal factors that affect the willingness of present

chairmen to participate in planning activities.
2. To figure how the succession process of chairmen can affect the

willingness of present chairmen and the succession of the plans.
3. To discuss how the perceptions of different participants can affect

the succession of the plan in one village.

Background

“Regulation on the Designation of Symbiotic Zone of Human
and Nature”, Kobe City, Hyogo Prefecture
It requires villages to create a rural planning council and make plans
at village scale, including the following contents:

• designation of land use,
• designation of landscape protection area,
• rural planning council and plan,
• rural settlement and business, etc.

Research area: “Symbiotic zone of Human and Nature”
The area under observation is a rural area in Kobe City. It is
designated by the regulation, covering 167 villages in 2 districts.

Table 1. Research Methods 

Methodology

Objective Methods

To get an overall idea of the 
regulation

Semi-structed interviews; 
official documents

To find key factors and the 
succession process of chairmen

Questionnaires to all 
chairmen; interviews

To identify the perceptions of 
residents

Questionnaires to all residents 
in one sample village

Figure 1. Research Framework 

Results and Discussion

Figure 2. Numbers of Plans made and renewed

Current situation of the succession of village-scale plan
By 2019, 96% of the
villages have created their
councils, while 63% have
made their plans.
In the beginning, people
were willing to make plans,
but the number decreased,
after several years.
In recent years, villages
began to renew the plans,
because of a relaxed
regulation.

Succession Progress of the Chairmen of Rural Planning Council
Most chairmen of rural planning council are also the chairmen of
associations of residents. In most villages, chairmen serve for 2
years in the office. There is a rotation system for chairmen. Before
becoming chairman, one may work as vice-chairman for 2 years.
However, there is few additional training for now.

Figure 3. Succession of Chairmen

Willingness of present chairmen

DISCUSSION
• The regulation has a strong influence in land use control. Villages

will not renew their plans proactively, unless there are changes in
land use.

• However, the regulation lacks flexibility to cover rural developing
activities. Few villages can follow up these rural plans sustainably.

Figure 4. The Willingness of 
Present Chairmen

Questionnaires were sent to
141 chairmen by mail during
September 2020. The
response rate was 83.7%.
About 13% of the chairmen
said they were somewhat
satisfied with the regulation,
while 17% said they were not.
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Background1

Turbidity prediction with Transfer Learning

2

3

4On going research

Water monitoring is one of the most important activities 
for watershed management. However, because of the 
limitation of labor and/or instrument cost,
high frequency and broad monitoring are difficult 
especially in developing countries.
Selangor river basin, Malaysia has been facing high 
turbidity because of rapid urbanization.
To evaluate its effect to river water,
low cost river monitoring system should be invested.g y

Water level sensor

Turbidity sensorRain gauge

Flow velocity 
sensor

Using 3D printer, micro computer and a solar panel, water 
monitoring system is constructed.
The indices to monitor are water level, temperature, flow 
velocity, turbidity and rain intensity. These sensors created by 
3D printer are operated by Arduino, a open source electronics 
platform. The obtained data are sorted by Raspberry-Pi, a 
micro computer, and sorted data will be sent to remote PC or 
Cloud database via Wi-Fi SIM attached to Raspberry-Pi.

Solar panel

BatteryRaspberry Pi
Arduino

Wi-Fi SIM

Sensor Sensor Sensor

3D printer

Temperature sensor

Assuming to run this monitoring system continuously, 
Solar panel and battery are equipped to this system.
To compute maximum monitoring frequency, electricity of 
charging and discharging are measured.

Water level 0.999 2 cm – 400 cm

Temperature 0.995 10°C – 50°C

Rain gauge 0.957 0 mm/hr – 50 mm/hr

Turbidity 0.999 0 FNU – 2,000 FNU

Flow velocity 0.989 0 m/s – 2.0 m/s

All sensors showed high accuracy for measuring with
the R2 of more than 0.9
Besides, the calibration range is reflected from the real
environment in Selangor river basin except of rain
gauge. The maximum rainfall in Selangor is about 300
mm/hr.
Using these sensors, test running in Malaysia and
Japan will be conducted with sustainable solar energy

• Biofouling on contact type sensors under high turbid
water bodies

• Test running and validation by mobile measurement

• Maintenance frequency for each sensor

• Determination of optimum river monitoring network
in Malaysia using GIS techniques

Input data
(sufficient)

Input data
(insufficient)

Output 
data

Output 
data

transplant 
parameters

Conventional statistical models for time 
series prediction require many dataset.
To reduce required dataset, transfer 
learning, an ANN technique is introduced.
This technique transplants model 
parameter from completed model to target 
model which have sufficient and 
insufficient dataset, respectively.
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Introduction Materials and method

Section Contents

1

socio-demographic profile

educational background
family economic status

2
2 questions to obtain opinions on the type of clean energy that Malaysia 
should focus on and factors that influence the decision to use RE

3
2 statements about the influence of education and knowledge on future 
energy practice and RE choice

• 3-section questionnaire was prepared based on awareness 
studies about RE adapted from [2] and [1].

• All these 18 statements are self-reported statements with a five-
point measure scale to discover the expression of university 
students on RE

• SPSS is used as analysis tools 
• The descriptive analysis has been used to establish the norm and 

pattern, including chi-square test to analyse the relationship 
between socio-demographic profile and perception, as well as 
interpretation of university students on RE

• Cronbach’s alpha (0.737) satisfactory level of overall consistency 
among individual responses in the reliability scale [3].

Results and discussion

• Type of clean energy that should focus on for the future of Malaysia

• What could influence your decision to use renewable energy? 

• 2863 questionnaire retrieved
Demographic 
Profile

Percentage (%)

Background of 
studies

Science 50.6
Non-Science 49.4

Family Economic 
Status

B40 45.5
M40 32.1
T20 21.7

Background
Percentage (%)

Wind Solar Biomass Nuclear Wave Don't Know More than 
one

Science 4.1 36.3 13.5 7.5 4.1 4.6 29.9

Non-
Science 6.2 41.9 15.2 5.3 4.4 5.6 21.4

B40 5.7 38.9 15.8 6 3.8 5.3 24.5

M40 4.8 40 14.2 6.2 4.4 5.4 25

T20 4.3 38.1 11.6 7.5 4.6 4.4 29.5

Background

Percentage (%)

Cost Efficiency Environmental 
Responsibility

Patriotism 
& Energy 
Security

Policy Don't 
Know

More than 
one

Science 13.8 20.5 30.4 3.5 2.2 3.7 25.9

Non-Science 9 19.7 42.3 5 2.3 4.5 17.2

B40 10.9 19.3 38.7 4.8 2.1 4.2 20

M40 10 21.2 36.8 3.9 2.3 3.9 21.9

T20 14.7 19.8 30.1 3.6 2.6 4.3 24..9

Limitation of fossil fuel reserves that expected to be depleted in the
near future and numerous problems stemming from the use of fossil
fuels has shifted global attention to renewable energy (RE) sources
[1].

It is highly critical to educate young generation as they will become
future leaders. The consumption pattern and reliance on the energy
grid is expected to rise, as well as ongoing climate change,
Malaysia needs to enhance its RE sector. Awareness is one of the
fundamental elements to flourish the development of RE in
Malaysia.

This study aims to examine the perception and interpretation of
university students, as the potential leaders for future generation on
RE. The focus was given on education aspect and expressions
towards RE resources in both, general and Malaysia context. The
correlation of the perception with the socio-demographic profile
including gender, educational background and family economic
status was statistically analysed to reveal the most important factor
that should be highly considered to increase the acceptance and
awareness of young generation to RE.

Conclusion

• Most of the university students participated in the survey agreed that 
solar energy should be the focus for the future of Malaysia.

• Environmental responsibility, Efficiency, Cost by order in ranks are 
factors that influence their decision to use RE.

• Students have positive perception towards RE resources in both
general and Malaysian context.

• There is a gap on interpretation as most of the respondents are not 
aware on the disadvantages of fossil fuels and current RE development, 
especially in Malaysia. 

• Intellectual activities are needed to promote and increase the 
awareness about RE among university students

• Chi-square test: Significant differences (p < 0.05) in the type of clean 
energy between individuals in the two groups of educational background

• there is a significant difference for statements: 
- The influence of education and knowledge on future energy practice 
- RE choice between individuals in the two educational backgrounds
• Most of the respondents are not aware of current RE development, 

especially in Malaysia and the impacts of fossil fuels to the environment
- Non-science and B40 groups
• The proportion of subjects who respond the statement on capabilities of 

Malaysia to do more in RE development statement did not differ by both 
educational background and family economic status. 
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Fine Particulate Matter (PM2.5) is an important environmental 
factor contributing to human diseases burden from lung cancer 
to heart disease. Bangkok Metropolitan Region (BMR) has 
high levels of PM2.5, and one of the major sources is vehicle 
exhausts. Thailand’s Pollution Control Department (PCD) 
suggested an Action Plan with a number of operating 
guidelines to reduce PM2.5 emissions. A quantitative analysis of 
selected guidelines would be beneficial to policy makers in 
determining guidelines with the greatest health benefits. 

BACKGROUND

METHODOLOGY

OBJECTIVES

RESULTS & DISCUSSIONS

1. To estimate emissions of primary PM2.5 and secondary
PM2.5 precursors: NOx, SO2 and NH3, for proposed
scenarios based on the PCD Action Plan.

2. To adapt and determine spatially-differentiated health
impact characterization factors (CF) for PM2.5 emissions for
all 6 provinces in BMR.

3. To quantify human health impacts in unit of Disability-
Adjusted Life Year (DALY) due to transportation-related
PM2.5 emissions as well as associated health benefits.

ACKNOWLEDGEMENT
This research was supported by the National Science and Technology Development Agency (Grant No.P-16-51880; NSTDA 
Research Chair Grant) and Mahidol University (Policy Advocacy Grant).

Results show that all scenarios provide reduction in health impacts 
compared to Business-As-Usual (BAU). The best case is S7-Ban 
old vehicles > 20 years from BMR. This suggests that old vehicles 
contribute a large portion of emissions. This is because old engine 
technology has high emission factors. Secondly, currently Thailand 
does not set age limit of vehicles on the road, hence, there is a 
large number of old vehicles > 20 years still in use. 

Eight scenarios were proposed as follows: S1-10ppm sulfur fuel 
enforced in BMR; S2-Electric cars make up 50% of new vehicles in 
2024; S3-change all public buses to e-buses; S4-adopt EURO 5 
and EURO 6 standard in 2021 and 2022 respectively; S5-Ban 
vehicles < EURO 3 from BKK with sub B case- removed vehicles 
added to provinces; S6-Ban all trucks from BKK with sub B case-
removed trucks added to provinces; S7-Ban old vehicles > 20 
years from BMR and S8-vehicle activity data reduced by 10%. 

In monetary terms, case S7 is estimated to has health benefit 
value of up to 7.87 billion Thai Baht. Results from this research 
provide ranking for each scenario and would aid decision makers
in conducting a Cost-benefit analysis that would provide 
justification for the effectiveness of policy aimed to improve air 
quality in Thailand.  
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Introduction
Since around 2007, air quality has deteriorated in Ulaanbaatar and air
pollution has become a social problem1.

After that problem, the Mongolian government has focused on
comprehensive measures to reduce air pollution. In 2016, it has
introduced nighttime electricity discounts for households in the ger
area, encouraging people who use raw coal for heating to use electric
heaters. In March 2017, they approved a national program on reducing
air and environmental pollution. Those aims to reduce air pollutants by
80%, ban the use of raw coal outside of Ulaanbaatar's thermal power
plants, and reduce air pollution by at least 50% by 2025. On Feb 28,
2018, Mongolian Government Resolution62 banned the use of raw coal.

Conclusion
Using a logic model, it’s able to clarify the consistency of the policies
(Resolution 62) taken to reduce emissions in the Ger region, which is a
major cause of air pollution in Ulaanbaatar.

Objectives
This research will carry out a policy evaluation of measures for the ger
area represented by Resolution 62. In addition, clarify the impact of this
policy on air pollution and the consistency of each policy.

Methods
A policy evaluation study is an objective, systematic, and empirical
study of the effects that ongoing policies and public programs will have
on the target population in view of the goals they are required to
achieve2. Of the many methods of policy evaluation, logic model is
considered to be useful.

References
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2Thomas,R.D. (2005). Understanding Public Policy. Pearson Prentice Hall
3W.K. Kellogg Foundation (1998). W.K. Kellogg Foundation Logic Model 
Development Guide. Battle Creek: W.K. Kellogg Foundation.

Analysis

Source: 
Ulaanbaatar city 
government office

Stove for 
Ger area-80% 

Second hand 
vehicles-10%

Power plant 
(coal use)-6% Others-4%

Resources/ 
Inputs Activities Outputs Outcomes Impact

Planned work Intended results
Figure2: Logic model3

Figure1: The reasons for air pollution

y
Resources

/Inputs
Activities Outputs Outcomes Impact

The main 
reason

Name of law and Policy Other activities Immediately after result Short-term  
results

Medium-term results Long-term 
results

Smoke has decreased PM2.5 decreased Hazardous exhaust gas has 
decreased

Climate 
change gas 
has 
decreased

Stove for 
Ger area 
(80%)

2014.07.25 Resolution No.05 of 
the National Air Pollution 
Reduction Committee "About 
measures to be taken with 
improved fuel" Purchase from 
companies that meet the 
requirements.
February 28, 2018, Mongolian 
government resolution No. 62 
bans the use of raw coal
Improved fuel production will 
start in April 2018. Providing 
free improved fuel to low-
income households. Report of 
Ulaanbaatar City Air Pollution 
Reduction Agency 2018.02.26

Convert to 
improved fuel

The visible black smoke 
of coal and dirt are gone. 
(Reduction of PM2.5)

Decrease in 
smog (measured 
value of PM2.5 
in winter)

1. Reduction of air 
pollution due to harmful 
exhaust in the city (reduc-
tion of CO, NOx, SOx)
2. Health problems due to 
air pollution have 
decreased. (Respiratory 
disorders decrease)

Switched to 
improved fuel

Smoke due to incomplete 
combustion during 
ignition has been reduced

Promotion of stove 
improvement

Burnup increased and 
smoke disappeared 
(PM2.5)

There is no 
smoke in the ger
room (indoor 
PM2.5, CO 
concentration)

Eradication of carbon 
monoxide poisoning in the 
ger (number of carbon 
monoxide poisoning cases 
in the ger area)

Promotion of 
complete chimney

Exhaust gas no longer 
leaks into the room

Hot water supply to 
the ger area No heating stove used

Reduced number 
of heating stoves 
installedPromote migration 

to an apartment
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Background  
Japan is no stranger to natural disasters and  has been plagued with 
several major earthquakes, tsunamis, floods, typhoons and volcanic 
eruptions (Clerveaux, Spence and Katada, 2008). These disasters have 
caused significant loss of life and damage to property.  

Against this backdrop is increased migration. Currently there are 2.93 
million foreign residents in Japan (Ministry of Justice, 2020). A 
foreign resident’s lack of experience with, and knowledge about a 
specific natural hazard impacts perception of the risk and essentially 
makes one vulnerable. Risk perception impacts the demand for a
specific type of coverage against loss. The demand for life insurance is 
dependent on how risk to life is perceived.  Even though Japan is 
highly susceptible to natural hazards the demand for life insurance 
among foreign residents remain extremely low.  

Methodology  
The principal objective was to investigate if there is any relationship 
between how foreign residents perceive disaster risks and its 
subsequent demand for life insurance and if life insurance pricing 
affects risk perception of foreign residents in Japan.  

Online questionnaires  designed along a three Likert scale.  
The target population-  foreign nationals legally working in 
Japan for more than a year (126 respondents).  
Focus group : 10 participants  

Results 

  

        Discussion 

   
   Discussion 

  
   Discussion

Relationship between risk 
perception and demand for life 
insurance in general  
•Majority of the respondents 
believe that there is a
significant relationship. They 
believe that the higher the
level of the perceived risk is,
the more the demand for life
insurance will increase. 

Relationship between risk 
perception and demand for life 
insurance in Japan 
•74%  of the respondents
believe there is not a strong 
relationship. This indicates 
that the perception of natural
hazard risk to life is very low
among foreigners and does not
impact the demand for life
insurance.

D

Relat

Price 

•The data revealed that price influences the demand for life
insurance. The cost of premiums In Japan are assumed to be
expensive. Majority economic migrants, saving is a priority.

Not 
targeted 

•Very little is known about the insurance market and the product
offerings. Foreigners feel disregarded as a viable target market.

Language 

•Limited Japanese impacts risk perception in Japan. Risk
communication is limited outside of four main languages (Japanese, 
Korean, Chines and English).  Insurance contracts as most are 
offered in Japanese.  

Acknowledgements : Special thanks to Professor Makoto Usami      Author’s email: hazuru.ratoya.77r@st.kyoto-u.ac.jp  

Yes 
89% 

No 
37% 

Fig. 2  Opinion on the relationship between natural disaster risk 
perception and demand for life insurance in Japan   

Fig. 3  Opinions on relationship between natural 
disaster risk perception and pricing in Japan.   

  Conclusion 
Even though Japan is susceptible to several natural hazards,  risk perception is low 
among majority of the foreign resident coupled with a  lack of understanding about the 
insurance market  in Japan. Price of the premiums, language barrier and the nature of 
the existing insurance tools impact the demand for life insurance. The lack of 
information or information deficit impacts perception which in turn impacts 
vulnerability. This can be explained by the Information Deficit Model which seeks to 
remedy gaps in disaster risk communication.  

             References 
Clerveaux, V., Spence, B. and Katada, T. (2008).  “Using Game Technique as a 
Strategy in Promoting Disaster Awareness in Caribbean Multicultural Societies: The 
Disaster Awareness Game,” J. Disaster Res., Vol.3, No.5, pp. 321-333. 

Figure 1: Respondents’ opinion on the relationship between 
perception of risk and demand for life insurance in general.  
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The Lower Mekong Basin (LMB) which
accounts for 70% of the basin’s area
refers to the river basin within the four
downstream countries (Laos, Thailand,
Cambodia and Vietnam).

Mekong River Commission (MRC),an
institutional framework established
among the four downstream countries in
1995, has comprehensive missions to
promote and coordinate sustainable
management and development of water
and related resources for the countries’
mutual benefit.

With the purpose of assisting the Member
Countries in their planning, managing and
monitoring of the water resources of the
LMB, MRC has established a cumulative
assessment of the consequences of
current and planned water resource
development projects in LMB, named
MRC Council Study

Challenges
MRC Council Study mainly focus on describing
comprehensive impacts of water resource
development on the whole region without
clarifying which scenario has the largest impact
relating to economic aspects based on
choosing appropriate criteria for evaluation

MRC itself does not introduce a revised
cooperation framework among member states
in reliance on the results of Council Study

Research objectives

Which criteria and sub-criteria should be
employed to AHP model of the LMB case to
evaluate its water development scenarios?
How to calculate relative weight of criteria in
the AHP model of the case?
Which development scenario is the best for
future planning of water using in the case?

This study proposes an approach to
conflict resolution in LMB based on
AHP approach which is considered as
a popular multi-criteria method aimed
to support decision-making processes.

Table 2.10 Overall priority weight of alternatives
Final  
ranki

ng  
(%)

Scenario
Criteria

C1
C2 C3 C4

C2.1 C2.2 C3.1 C3.2 C4.1 C4.2

M1 2.506 0.677 1.310 1.506 1.805 1.077 1.118 9.492

M2 19.911 1.655 2.069 1.401 1.262 0.832 0.844 27.876

M3 44.283 7.668 6.621 1.094 0.933 0.742 0.688 62.632

Mainly hydropower criterion is more important than the group of
navigation, flood control and fisheries criteria

=> The driving factors of MRC decision- making system focuses on the
economic benefit of hydro-electricity generation

Conclusion
The water development scenarios should be consulted in
combination with other disciplinary and thematic researches.
Many changes might appear positive from an economic
perspective, but could lead to unacceptable outcomes for
other indicators, for instance food security or biodiversity
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System design for revitalization BRG 2017
• Define about the rural areas in peatland as areas mainly based on agriculture activity.
• Local people in rural areas in peatland should be the largest beneficiaries of the 

benefits of the conservation peatland.

Previous Research about the Peatland Society.
• The social structure in peatland/peat-swamp-forest is full of diversity. (Takaya 1988, 

Furukawa 1992, Koizumi et al. 2018
• Peat conservation and improvement of the rural economy are trade-off relationships 

(Murniati et al. 2018

Research Question
• In rural area in peatland is full of diverse, can local people enjoy the benefit from the 

peatland conservation governance especially revitalization of the livelihood.

Research Purpose : 
To make clear the challenges of peatland conservation policy by investigating of actor who enjoy the benefit from revitalization program.

Fishing
Daily labor

Rubber
Oilpalm in Peat

Oilpalm in Mineral
Sago

Pineapple
Corn

Redpepper
Beekeeping

Net income by source of income (/ ha month)

Consideration
In rural area in peatland is full of diverse employment structures such as 
Village R, the benefits of revitalization programs are biased and disparities 
between households are created.
Conclusion
In the introduction of revitalization programs, decision-making and equal 
opportunity by residents are essential for local people to be the largest 
beneficiaries of profits.
Research limitation

This conclusion is based on an empirical study only in R village.
It is necessary to examine the validity.

↓
Further plan : Additional research needs to be conducted in peat societies 
with different ecological environments and livelihoods (Ex. Reexamination in 
agriculturally dependent peat societies)

“revitalize the livelihood of local residents”.

Result and Discussion

Social structure of R village
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Gini 
[4]

CO2 per 
capita 

[4]

Use of revenues

Swede
n

29.2 3.9 General budget [5]

Canada 34 14.9 • Provide carbon tax relief 
and protect affordability

• Maintain industry 
competitiveness

• Encourage new green 
initiatives [6]

Mexico 43.4 3.6 National budget [7]

South 
Africa

63 7.4 National revenue fund planned 
for environmental purposes 
and lower-income 
compensation [7]

Iran 40 7.1 (no carbon tax in place)

Figure 1. CO2 emissions by sector in Iran (2006-2018)

1. Background
Iran is a major global Carbon dioxide (CO2) emitter [1] with an
increasing trend in greenhouse gas (GHG) emissions (Figure 1). In
2017, the National Strategic Plan on Climate Change consisting of
several strategies for climate change mitigation including carbon
taxation was [2]. A major concern, however, regarding the
application of carbon tax is their negative distributional effects on
lower-income groups. It is acknowledged that how the tax revenues
are spent considerably affect this issue [3]. Therefore, this article tries
to understand what type of revenue use better fits the Iranian context
by looking at strategies of four other selected countries.

2. Methodology
Four countries/state from different parts of the world namely Sweden,
Canada (British Columbia), Mexico and South Africa with carbon
taxes in place are selected for comparison. Gini coefficient as a
measure of the deviation of the distribution of income among
individuals or households within a country from a perfectly equal
distribution (lower numbers show more disparity in distribution of
income), and CO2 per capita emissions (tonnes) will be explored as
two economic and environmental indicators influencing the use of
revenues.

3. Results
Table 1 summarizes the results of the review. Some of the most
frequently applied strategies for using the tax revenues include
general budget, compensation for lower-income households and
affected businesses, further reducing emissions and other
environmental purposes. Most countries use a mix of strategies in
order to meet various goals [7].

Table 1- Countries comparison

4. Discussion
Whether a tax is regressive mainly depends on how its revenues
are used. Different countries based on their context have opted
for different strategies. Generally speaking, people better support
the policies that are more transparent and have clear motives
[8]. Therefore, directing the revenues towards general budget
might lead to opposition to the carbon tax implementation. On
the other hand, Gini coefficient shows an unequal distribution
of income in all countries discussed here to different degrees.
Canada and South Africa have allocated some part of their
carbon tax revenues for compensating lower-income groups.
Even in case of Sweden with the lowest inequality, the
government has mentioned that it might use part of the revenues
for addressing undesirable distributional consequences of
taxation or financing other climate-related measures [5]. In
Mexico, although the inequality is relatively high, the low tax
rate does not affect either the distribution of income or emissions
reduction. Based on these results, using part of the revenues for
alleviating the regressive effects of a carbon tax sounds
plausible for the Iranian context. By targeting the revenues
towards the most affected groups, there might be also the
possibility to further reduce the comparatively high emissions in
Iran while avoiding serious distributional effects.

CaCCaCaaaaaaaaCaaaaaaaaaaaaCaaaaaaaaaaaaaaaaananananananananananananannanananannnannnanannnanannaanaananaanaanaaaddda
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The assessment of surface water quality is often laborious, expensive
and tedious, as well as impractical, especially for developing and
middle-income countries in the ASEAN region. The application of the
water quality index (WQI), which depends on several independent key
parameters, has great potential and is a useful tool in this region. WQI
is a single indicative value/score or term which expresses the overall
quality of water. Thus, the application of the WQI can help provide a
simple, stable and reproducible water quality status to the public
community and policy makers to make a less subjective decision
related to policies.

At present, there are four ASEAN countries which have implemented
the WQI system to evaluate their surface water quality, which are (i)
Own WQI system: Malaysia, Thailand, Vietnam and (ii) Adopted WQI
system: IndonesiaThis study aims to perform a comparative study
amongst the ASEAN WQI systems in Selangor river basin (Fig.1), the
largest source of public water supply, providing approximately 60% of
the total water required in both Selangor and Kuala Lumpur.

Figure 1: Study Area

Figure 2: Comparison of river quality classifications using different 
ASEAN WQI systems

A comparative study was performed using five different ASEAN WQI
systems over nine monitoring stations in the Selangor river basin,
Malaysia, to analyze the river quality status in 2016 as shown in
Figure 2. Due to the different aspects of parameters and standards
included in each system, the grading of the river quality is varied. The
MONRE-WQI, STORET and PI methods which consider both
biological and physicochemical aspects tend to be the most stringent
systems for ranking the quality of surface waters in the Selangor river
basin, whereas the DOE-WQI and PCD-WQI ranked the water quality
of Selangor streams as “Fair” and “Poor” respectively in almost all
cases. Integration between the WQIs and GIS enables more in-depth
analysis and provides more valuable information to evaluate the water
quality status in river basins for necessary actions to be taken.y y

Table 1: Description of River Classification in this study 

The application of the WQI with several independent key parameters
which can reflect the overall water quality status is a useful tool in this
region for reducing the cost and labour required for water quality
monitoring. As a future direction, the subject of assessment/specific
purpose and the level of treatment required should be defined to ease
policy makers in designing, formulating and implementing pollution
abatement strategies.

(ii) Adopted WQI System:
Indonesia

STORET & Pollution Index methods – Any parameters (Biological,
Physiochemical, heavy metal)

(i) Own WQI System:
Thailand : Focus on biochemical parameters

Malaysia : Focus on physicochemical parameters

Vietnam : Focus on biophysiochemical parameters
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BBackground

To critically examine the Philippines’ continued reliance on coal for electricity generation and the conditions that 
impede its phase out or decline in the power generation mix
To identify sources of political and economic ‘lock-ins’ (L) that reinforce coal use
To recommend solutions to facilitate the shift away from coal

Methodology

Results and discussion

Energy transition will require not only a technological shift but a power shift

Research aim
and objectives

Semi-structured 
interviews, secondary 
and archival research; 
gathering of 
numerical, statistical 
data and analysis

L2L1
Coal  dominates the 
power mix
In 2019, coal accounts 
for 54.6% of total 
generation (GWh).

NNet importer of coal
Bulk of supply is 
imported, contributing 
to volatility and high 
electricity rates—one 
of the highest in Asia.

Renewables lag 
behind
despite high potential 
for solar, wind, aside 
from geothermal 
which the country 
already produces in 
abundance.

CURRENCY RISKS
FUEL RISKS
PRICE VOLATILITY

Economic incentives favor 
coal energy

The government’s automatic 
pass-through provision allow 
power producers to pass on 
coal-related business risks to 
consumers, while renewable 
producers absorb the full 
costs of their operations.

Pass-through model, built 
into power purchase 
agreements, effectively 
guarantees returns which 
disincentivizes producers 
from transitioning away from 
coal. 

High market concentration

A handful of large energy companies 
dominate the country’s energy landscape 
and their investment decisions heavily 
influence the energy mix.

Coal constitutes a firm part of their 
portfolio, setting the country onto a high 
carbon pathway.

This also limits the options available to 
end-users that may prefer renewable 
energy as these companies supply the 
main power grids.

WITHIN ENERGY MARKETS 
Eliminate the economic 
incentives for coal to at the 
minimum even the playing field 
between fossil fuel and 
renewable sources.

AMONG MARKET PLAYERS
Incentivising renewable energy 
can bring in new players, diversify 
energy sources, and dilute the 
market share of established, 
predominantly coal-based 
producers.

FROM PRODUCERS TO RATE/TAXPAYERS
Empowerment of tax payers and rate payers, 
allowing them to opt out of paying for coal-
related risks (i.e. by including a carve-out 
clause in power supply agreements) and 
exercise preference for renewable sources.

L3

quireee not only a technolog
S

ld 

AMONG MARKET PLAAAYAYYAAYER
Incentivising renewable ener
can bring in new players, div
energy sources, and dilute th
market share of established, 
predominantly coal-based
producers

CCoal-fired power plants have the effect of locking 
in future emissions 

for the length of time it takes to recover the 
investment attached to building them--typically 40 
years. Despite recent moratorium on new coal 
projects, the exclusion of committed and indicative 
projects, representing 13.8GW, will ensure coal 
remains a key energy source.1

Tax payers and rate payers are poised to bear the cost 
should coal power plants face early retirement, i.e. due 
to shifts in energy policy.

In photo: Coal-fired power plant in Mariveles, Bataan3

Approximately

50%
Of the installed capacity
of committed and 
indicative projects
are attributed to 5 
companies:

SMC Global Power
MERALCO
Aboitiz Power
DMCI Holdings
Lopez Holdings Corp2 

Sources: 1 Statistics, Philippine Department of Energy (2020)    2 Greenpeace (2019). Dirty Business. Greenpeace Southeast Asia: Manila   3 Photo by P199, Creative Commons
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Background of the Study. The potential of Manila
Copal or Almaciga resin as a source of livelihood for several
indigenous communities in the Philippines continues to emerge
as the demand for processed resin escalates. Aside from an
export value of US$114,000 recorded in 2019 (FMB 2019), the
Manila Copal is also highly valuable to local industrial
manufacturers of paints, varnishes, lacquer, and ink. Despite this,
many resin tappers in the country remain poor. This study aimed
to:

(1) assess the supply chain of Manila Copal in Palawan,
Philippines;

(2) determine problems encountered from the harvesting of raw
materials until the product reaches the industrial user, and;

(3) identify areas for improvement along the chain

Methodology. The study
was conducted in two sites in
Palawan – South Palawan (SP)
and North Palawan (NP) (Figure
1). Supply chain actors were
traced from the resin tappers up
to the industrial users and
exporters of resin. There were a
total of 37 resin tappers, 1
assembler, and 2 traders
interviewed through surveys and
KIIs. Profit margins earned and
costs incurred at each level of the
chain (where data is available)
were computed.

Results The Supply Chain

Discussion. Figure 2 shows the route of Manila copal from the forests of Palawan to the industrial users and exporters. The supply
chain in SP is shorter than the supply chain of copal in NP mainly because of the presence of an assembler in SP. The unstable pricing
of copal from different traders made the resin tappers of SP choose to sell their harvests to a local assembler, which in turn sells only to
two traders. Manila copal goes through several middlemen as large traders source the copal from numerous small traders. This can be
attributed to the remoteness, bulkiness, and dispersed nature of resin sources. Costs incurred by resin tappers in NP is much higher
than those in SP mainly because of the huge difference in volume traded. Profit margins in SP and NP range from 39-67% and 15-62%,
respectively, depending on the quality. The high profit margin indicates high value for Manila copal at the user’s level. Harvesting resin is
not easy as tappers walk an average of ten hours to get to the resin source and another ten back. To ensure the sustainable supply of
resin, it is thus recommended to provide more incentives to the resin tappers who bear the hard labor of providing the raw materials to
the entire chain.

Figure 2. Supply chain of Manila Copal in North and South Palawan, Philippines
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Figure 3. Resin tappers in SP in their 
storage area

Figure 4. Tipak, the highest class of 
resin in SP
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Figure 1. Study Site

 
 

109



November  30– December 1 , 2020, Online symposium

Study on the resettlement impacts on the habitat and perception of 
residents in the world heritage site of Hue citadel

Authors: Le Ngoc Van Anh*, Nguyen Ngoc Tung*, Hirohide Kobayashi** 
* Architecture Faculty, University of Sciences, Hue University

** Graduate School of Global Environmental Studies, Kyoto University

Acknowledgement: the research is support by GSGES-Kyoto University belong to GSGES seeds 
research funding program for overseas field campus.

- Collecting secondary documents(background, history, situation about resettlements) 
- Semi-Structured Interview to collect database
- Conduct analysis based on tables, charts.

To provide information about how the people's living environment has changed
To provide information of positive (or negative) change of residents about their
perceptions of world cultural heritage.
To find out what factors affect the residents' perceptions.
To be references for government, policy makers, people involved in the
implementation of resettlement projects when applying policies or resettlement
projects directly related to heritage.

Under Nguyen Dynasty in the beginning of 20th
century, EB area were allowed for residences. After
1945, the number of people living inside the Citadel
grew rapidly, especially after 1968, many
households migrated from the countryside and the
north to TT. Residences might be harming to relics.
Some part are damaged and sunk by multi-functions
of residents (living space,open space, agriculture,
local market, ect). The urgent need to protect the
monument, therefore, the government has projects
related to the zoning of protected areas including
the relocation of population and ground clearance.

Hue citadel is located on the north bank of Huong river (Hue, Thua Thien Hue) with
around 520 ha of area. The Citadel wall has circumference of 10.5 km, 6.6m height,
21m thickness including two area named Thuong Thanh(TT) and Eo Bau(EB) (fig.1)

Fig.2.(a)residences in TT, EB (b)ground clearance processing (c)resettlement in Bac Huong So

Fig.3.(a)The relationship between age and gender (b)education level

Most of the residents are satisfied with the new habitat. Residents have
positive perceptions about the effect of resources and environment. However,
the impact on economic and sociocultural issues after resettlement are
negative, especially, settlement policies. The project's authorities should be
consistent about policy, finance, monitoring the process of resettlement. The
government should enhance the resident perception, especially those who are
low level of education and low or no income, on the positive impacts of
resettlement. Besides, residents should be supported on the administrative
registration and connect with new area by sociocultural activities.

(a)                                                                   (b)

(a)                                             (b)                                                (c)

Fig.1. Thuong
Thanh & Eo
Bau area         

Fig.4.Satisfaction with new environment in your house and surrounding 

Table 1.The impacts of economic

Table 2.The impacts of sociocultural

Table 3. Perception of environment impacts

Table 4. Perception of resettlement policy

Architecture Faculty – University of Sciences – Hue University (Established since 1995)
Address:77 Nguyen Hue st.,Hue city, Vietnam - Phone: +84 234.3833530
Email: khoakientruc_dhkh@ emaildodo.com 
www.facebook.com/khoakientruc - http://huearch.husc.edu.vn/

Dean of Faculty: Dr.Arch.Nguyen Ngoc Tung
Deputy Dean: Dr.Arch.Nguyen Vu Minh
The affiliated department:

Department of Interior Architecture and Construction 
Technology
Head:Dr.Arch.Nguyen Vu Minh
Department of Civil and Industrial Architecture
Head:Dr.Arch.Truong Hoang Phuong
Department of Planning, Conservation and Landscape
Head:Dr.Arch.Nguyen Ngoc Tung

Lecturers: 24 (7 doctors, 2 PhD students, 11 masters, 2 
engineers & 01 bachelor). 
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Organizational structure

international cooperation
France Lille Uni. of Architecture, Grenople Uni.

Italy Polytechnic Uni. of Marche

Japan Kyoto Uni., Osaka Uni, Showa – Tokyo Uni,  Waseda Uni,

Laos National Uni. of Laos

Thailand Khon Kaen Uni., Chiang Mai Uni., King Mongkut institute

Australia University of South Australia

Questionaire surveying was conducted June
to October 2020, inclusing 2 component:
Recidents are living in TT and residents were
built new house in resettlement areas. In
total 59 surveys (32 females and 27 males)
most of interviewees were in range of 51-65
year-old. Elder interviewees have lived for a
long time (max: 75 yrs and min: 3 yrs),they
are well-informed about the origin.
Interviewees in range of 36-50 year-old were
the second major in the sample including
61% of freelancers, 17% of unemployed.
Besides, the income were low toward <1mil
(29%),1-3mil(24%),3-5mil(20%),>7mil (10%).

Answers about the satisfied level on new
environment were very positive compared
with previous (fig.4).Most of residents have
lived for a short time (1-3m), so, they are
limited in knowing the economic opportunity
(tab.1). Resettlement affect significantly on
traditional value and neighborhood (tab.2)The
significant number (68%) of people agree with
the positive effect of resettlement on the
environment (tab.3) About perception of
resettlement policy, interviewees were not
satisfied about the resettlement policy. In
particularly, land costs and repayment term
are the crux of the matter.
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