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ｆ
Never-Ending
Environmental Issues – A
Message From the Academic Research
Committee –
Prof. Dr. Katsuya Kawamoto,
Committee Chair, Graduate School
of Environmental and Life Science,
Okayama University
As a member of the Academic
Research Committee of the Japan
Society of Material Cycles and
Waste Management (JSMCWM),
I would like to begin this message by sharing my
personal thoughts inspired by recent events. Nowadays,
‘climate change’ is no longer a simple expression of
change, but rather refers to a form of daily climate
intensification. It is a never-ending problem. For
example, last century Japan experienced pollutionrelated diseases — Minamata disease being typical —
in response to which the Japanese people took serious
action on the environment.
However, in time global environmental problems —
like climate change — spread, but their impact is hard
to appreciate, unlike with local issues like pollution.
Rather, while the consequences of global problems are
visible — due to phenomena such as the disappearance
of glaciers and the rise of sea levels seen in island
countries — they nevertheless seem far removed from
everyday life in Japan. What should we do in this
present situation, then, where problems have spread? Is

it enough just to save energy? Or what is truly effective
behavior?
While I was having such thoughts, some somewhat
surprising news occurred. Greta Thunberg, a 16-yearold from Sweden, condemned the international
community for not acting seriously about global
warming. This is a difficult problem with no easy
answer, but it must be considered deeply. Our Society,
each member of JSMCWM, is contemplating how we
can contribute our grain of sand on this problem. What
should we do in the field of waste management and
resource circulation? How should we act?
Ms. Thunberg and others have also raised a problem
closely related to waste resource recycling: plastic waste,
now often called the ‘microplastics’ issue. Although it
has now also become a political issue, it is historically a
core problem for the waste management field. Our
Society should take the initiative on this issue.
The Academic Research Committee, to which I now
turn, is part of the effort to find environmental solutions.
Our main work is planning and implementing research
presentations at the annual conference, held in
September in cooperation with the JSMCWM
Executive Committee and hosts. Specifically, we check
for deficiencies in the many manuscripts submitted to
us. This work, along with assigning programs, is
difficult but very important for the success of the annual
meeting. Our second task is planning another research
activity event, held in conjunction with the annual
general meeting of the JSMCWM at the end of May or
beginning of June. This year, we launched a new event:
research discussion meetings held by a subcommittee
for each research topic organized in the JSMCWM. In
addition, some speakers gave talks focusing on timely
issues, followed by a panel discussion. We recognize
that this event will continue to improve. Our third task
is attending to the affairs of these research groups. At
this time we have 14 research groups, a number that has
grown in recent years. Each research group is becoming
very active in their research activities livening up the
energy of the whole Society, so the support of
JSMCWM is a vital task. We also cooperate in academic
activities outside of the JSMCWM. For example, in the
joint activities of various academic societies in
environmental engineering.

To return to the issue of recognizing the problems
currently facing society: even though the environment
in Japan has improved significantly compared to
decades ago, environmental problems never disappear.
The role that our Society plays is very important, now
and in the future. Thus, we will keep promoting our
contribution to solve environmental issues related to
solid waste management in society.
(Prof. Dr. Katsuya Kawamoto Okayama University)

Resource Circulation Strategy for Plastics
under the “3R Plus” Principle
1. Introduction
The invention of plastic materials occurred a century
ago, and only half a century has passed since their fullscale utilization. However, today we are facing such
problems as marine micro plastics and greenhouse gas
emissions in every part of the world. International
organizations have begun to reexamine the use of
plastics and the challenges posed by the material cycles
of plastics. Under these circumstances, we have not only
dealt with these issues through the conventional “3R”
concept of “Reduce, Reuse, and Recycle”, but has also
focused on the new concept of “3R Plus”, which
includes the principles of “Renewable” and “Recovery”
for plastic materials. It is desirable to use exhaustible
resources as little as possible and to shift to using
renewable resources. This paper will introduce the 3R
Plus concept as well as outline and discuss Japan’s
“Resource Circulation Strategy for Plastics” formulated
in 2019.
2. The 3R Plus Principle
The concept of 3R has been enacted in or amended to
various laws relating to waste management and
recycling since about 1990, and the three concepts that
comprise it have taken root in society to form the basis
of an effective measure against waste problems. Of the
practices that can be grouped as being under each of
these concepts, the highest priority goes to those
identified under “Reduce”, followed by “Reuse” and
lastly, “Recycle”. People in Japan began to
acknowledge the necessity of waste reduction after the
amendment of the Waste Disposal and Public Cleansing
Law in 1991. Subsequently, the part of 3R concept was
officially written into the first Basic Environment Plan,
established in 1994, and in 2000 the concept of 3R was
designated as a basic principle for establishing a
recyclable society in the Basic Act for Establishing a
Sound Material-Cycle Society. This Act defines the
prevention of waste generation as coming under the

concept of “Reduce”, with the utilization of waste
products being under “Reuse”. Material recycling and
chemical recycling are referred to as being under
“Recycling”. In addition, while energy recovery
processes also exist, they are placed after “Recycling”,
defined above.
Figure 1 illustrates the circulation flow of resources,
production and disposal to explain the principle of 3R
Plus. The right side shows the conventional concept of
3R, while the left side lists the new concept of 3R Plus
with an explanation of the concepts of Renewable and
Recovery. Reduce, which refers to the concept of
reducing waste generation and is also called waste
prevention, should receive top priority in implementing
waste management. Moreover, Reuse should be the
initial focus for the prevention of environmental
pollution by plastic waste. It is also important to develop
measures against plastic waste based in the concept of
Reuse. For example, there are the following measures to
reduce the amount of plastic waste: (1) the long-term
use of plastic products; (2) using “my bag” or “my bottle”
in place of plastic bags and PET bottles; (3) producing
thinner PET bottles to reduce the amount of raw
material used; and (4) using heat-proof containers
instead of unnecessary plastic wraps for microwave
cooking.
Activities based on the conventional concept of 3R are
not enough for more effective prevention of marine
pollution by plastics and micro plastics, effective
prevention of greenhouse gas emissions, and the
effective use and preservation of fossil resources. In
addition to the perspectives designated by the concepts
of Reduce, Reuse, and Recycle, it is necessary to adopt
those denoted by Renewable and Recovery. Currently,
we depend on various kinds of fossil resources for
products, including plastic materials. It is desirable to
use these exhaustible fossil resources as little as possible.
It is necessary to change the way we use resources,
shifting to renewable resources such as plant resources.
The term “Recovery” incorporates the idea of
recovering plastic from the marine environment.
From the viewpoint of 3R, it is necessary first to make
every effort to control and avoid plastic waste
generation in order to reduce the amount of waste flow
in society, and then to circulate recyclable resources as
much as possible. The unavoidable generation of waste
should be controlled/managed as natural capital in the
context of the idea of a “Final Sink”. In the future, it is
desirable to have zero landfill use, and society should
aim to use energy recovery to properly dispose of any
plastic waste that cannot be recycled. We mentioned
above the importance of incorporating the concepts of
Renewable and Recovery into the concept of 3R — the

new concept of 3R Plus. When we look at this new
concept, in addition to the more conventional 3R, we are
able to follow a new direction for the use of plastic
materials and used plastics. Considering the effective
use and circulation of natural resources in the context of
3R Plus will be the key to realizing a sustainable society

option). There is no option but incineration for plastics
such as designated plastic bags for combustible garbage.

in the future.

both economic and technological aspects, as well as
guarantee functional aspects such as the security and
convenience of products and containers and packaging.

3. Outline of Resource Circulation
Strategy for Plastic Materials
In spring 2019, the Japanese government developed the
Resource Circulation Strategy for Plastic Materials
based on the concept of “3R + Renewable”. That is, the
strategy has been formulated considering the basic
principles (such as prioritization of 3R implementation)
of the Basic Act for Establishing a Sound-Material
Cycle Society. The strategy aims for the promotion of
the following: (1) rationalization of the use of single-use
plastic containers and packaging materials for the
thorough reduction of resource usage; (2) a shift from
the use of plastic containers and packaging to renewable
resources (paper and bioplastics) for the realization of
better sustainability; (3) the use of plastic products for
as long as possible; and 4) the thorough separate
collection of used products for cyclical use through an
effective and efficient recycling system (e.g. recycling
or, if that is difficult economically and technically,
conversion to energy by thermal conversion could be an

In such cases, it is desirable to use carbon neutral
biomass plastics as much as possible while ensuring
heat recovery. In any case, it is necessary to consider

As for the marine plastic issue, we have to think about
the fact that waste generated on land enters rivers and
eventually flows into the ocean. For 3R implementation
and proper waste management, it is necessary to
eliminate littering and illegal dumping of plastic waste
to prevent marine pollution (zero emission of marine
plastics) and to promote beach cleaning activities to
prevent plastic waste from reaching the sea. We should
also promote the investigation of marine litter
monitoring and the collection of drifting debris. We will
disseminate our approaches to the international
community, such as by exporting knowledge about
techniques and know-how, including both tangible and
intangible elements, in accordance with the conditions
that prevail in each part of the Asia-Pacific region and
in African countries. By doing so, we will contribute to
solutions to resource limitation, waste and marine
plastic problems, climate change (effective use of

natural resources, zero emission of plastics in the marine
environment, and control of greenhouse gas emissions),
and economic development.
Based on the principles of 3R Plus, the main activities
in the Resource Circulation Strategy for Plastic
Materials are as shown in Figure 2. Namely: (1)
resource circulation (the thorough implementation of
Reduce activities, such as charging for plastic shopping
bags, the efficient and effective recycling of used
products, and promoting use of recycled materials and
bioplastics); (2) measures to deal with marine plastics
(the drastic reduction of microbeads contained in rinseoff products by 2020); (3) the global expansion of the
movement to reduce marine plastics; and (4) the
development of infrastructure for these kinds of
activities. Through this approach, Japan will contribute
solutions not only as noted in the previous paragraph —
for problems of resource limitation, waste management,
marine plastic issues, and climate change — but will
also make contributions to the sustainable development
of economic growth and job creation through the
development of a wide range of “arterial” (resource
production/manufacturing) and “venous” (resource
recycling) industries related to resource circulation.
For the development of the Resource Circulation

Strategy for Plastics, Japan will make the necessary
investments and promote innovation to achieve the
following ambitious milestones in cooperation with
citizens in every sector and on every level.
1) Reduce
Through the understanding of and cooperation with
citizens in every sector and on every level, consider the
potential environmental impacts of alternatives and
achieve a cumulative 25% reduction in single-use
plastic emissions by 2030.
2) Reuse and Recycle
While
preserving
functionality,
develop
a
reusable/recyclable design (one that makes waste
separation easy) for all plastic containers and
packaging/products by 2025. If that proves to be
difficult, at least ensure the realization of heat recovery.
In cooperation with citizens in every sector and on every
level, aim to achieve a 60% rate of recycling for plastic
containers and packaging by 2030.
In cooperation with citizens in every sector and on every
level, aim to realize a 100% effective reutilization of
used plastics, including a method of heat recovery if
reutilization is technically and economically difficult,
by 2035.

3)
Recycling and Biomass Plastics
Through the understanding of and cooperation between
the government, local communities, and citizens in
every sector and on every level, consider the feasibility
of recycling plastics (the use of recycled materials) and
aim for doubling the utilization of recycled materials by
2030.
In cooperation with citizens in every sector and on every
level, aim for utilizing biomass plastics at the maximum
possible level (about 2 million tons) by 2030.
Based on the Resource Circulation Strategy for Plastics,
Japan has been considering the evaluation of specific
regulations and policies, such as those on charging for
plastic shopping bags.
4. Subsequent International Movement
4.1 Basel Convention
The 14th Meeting of the Conference of the Parties to the
Basel Convention (COP14) in Geneva in May 2019
decided to amend the Annexes of the Basel Convention
to control unclean plastic waste. There is concern about
the improper treatment of plastic waste in developing
countries, which could lead to its discharge into the
ocean. Norway and Japan proposed the regulation of
cross-border movement of unclean plastic waste that is
unsuitable for recycling; the proposal was unanimously
adopted by the signatory countries. The amended
Annexes will come into force on January 1, 2021. The
new regulation will require the consent of importing
countries prior to the export of plastic waste. It was also
decided at COP14 that a partnership would be
established, on plastic waste, aiming to collect
information on the progress of member countries’
efforts to reduce plastic waste and to raise public
awareness of this issue.
4.2 The G20 Osaka Leaders’ Declaration
The G20 Summit meeting attended by leaders from 20
countries was held in Osaka in June 2019. At the summit,
G20 leaders agreed to the “Osaka Blue Ocean Vision”,
which aims to reduce additional pollution by marine
plastic litter to zero by 2050. They also agreed to a new
framework, the “G20 Implementation Framework for
Actions on Marine Plastic Litter”, which aims at sharing
the good practices of effective policies, approaches, and
issues to be addressed, in regards to marine plastic litter.
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Recycling
of Plastic Containers and
Packaging in Japan
Overview
Recycling seems straightforward, but it is in reality a
complex subject. As a practice in Japan, it is governed
by various laws that address the multiple processes that
are used for a diverse number of waste materials.
Discussion of recycling is further complicated by the
language used; this varies both domestically within
Japan and even more so internationally — even when
describing the same processes. The result is confusion
about recycling in public discourse. Here, first, I will
give a brief overview of the legal framework for
household containers and packaging waste in Japan.
Then, I will explain the recycling methods for plastic
waste. Finally, I will conclude my remarks.
1. Containers and Packaging Recycling Law
Recycling in Japan is promoted under the framework of
the Basic Act for Establishing a Sound Material-Cycle
Society, and through individual recycling laws such as
the Home Appliance Recycling Law and Food
Recycling Law. As part of this, the recycling of
household containers and packaging waste is promoted
through the Containers and Packaging Recycling Law,
which fully entered into force in 2000 (with partial entry
into force in 1997) — covering recycling obligations for
specified business entities or target enterprises in
relation to glass bottles, paper container waste,
polyethylene terephthalate (PET) bottles, and plastic
containers and packaging. Even before the Containers
and Packaging Recycling Law was enacted, a market
had been established for the recycling of aluminum cans,
steel cans, paper bags, and cardboard boxes, so these
were not specifically covered in the law.
As just noted, PET bottles were targeted for recycling
obligation starting in 1997, under the same Containers
and Packaging Recycling Law. Classifications were
added in 2008 and, presently, this category covers not
only PET bottles for soft drinks, but also those used for
alcoholic drinks, soy sauce, milk-based drinks, and

other condiments. On the other hand, plastic containers
and packaging are defined as being those other than PET
bottles, and were added to the target categories with the
full enforcement of the Containers and Packaging
Recycling Law in 2000.
A variety of stakeholders are involved in the recycling
of containers and packaging, including consumers,
municipalities (local governments) and recyclers, and
each plays their respective role in handling such things
as separation and discharge, separate collection, and
recycling. Among these roles, from the perspective of
extended producer responsibility (EPR), in which the
responsibility for product recycling is with the producer,
the duty to recycle lies with producers of the containers
and packaging as well as user companies. In actual fact,
by paying a consignment fee to the recycler through a
designated organization (JCPRA: The Japan Containers
and Packaging Recycling Association), specified
business entities can perform the recycling duties;
however, separate collection, as well as sorting and
storage, remains the role of municipalities. Recycling of
container and packaging waste separately collected by
municipalities is outsourced to recyclers via the
designated organization.
2. Recycling Methods of Plastic Waste
To this point in time, a wide variety of plastic recycling
methods have been put into practice. In Japan, plastic
recycling methods are commonly divided into three
methods: material recycling, chemical recycling, and
energy recovery. Internationally, chemical recycling is
often referred to as feedstock recycling. Moreover, in
Japan, energy recovery is also known as thermal
recovery or thermal recycling.
According to the Containers and Packaging Recycling
Law, liquefaction and gasification are categorized as
chemical recycling. However, if the hydrocarbon oil and
synthetic gas obtained from these processes are used as
fuel, the methods for doing so are included in the
category of energy recovery. Additionally, the chemical
recycling of PET bottles, on the one hand, and of plastic
containers and packaging on the other, differ greatly
from the perspective of the use of recycled materials.
Whereas PET bottles are recycled via the ‘closed-loop’
process, recycled plastic containers and packaging are
used as reducing agents and ammonia raw materials
(feedstock).
3. Recycling of PET Bottles
The annual sale of PET bottles covered by the
Containers and Packaging Recycling Law has reached
the level of 600 thousand tons (t) in recent years, with
the majority of this used for soft drinks (see The Council
for PET Bottle Recycling). There are three routes, the

self-collection route, designated organization route, and
own recycling route, for the target enterprises to collect
PET bottles in order to fulfill their recycling obligations.
The quantity recovered, which primarily consists of
recycling based on the designated organization route,
has increased. Since 2006, with the export of waste PET
bottles outside of Japan, the bid contract price (waste
processing cost) for the designated organization route
has collapsed and reached negative levels; in other
words, recyclers have been paying bids to buy the PET
bottles. Given this situation, the own recycling route, in
which there is direct consignment to the recycling
manufactures without the need to go through the
designated organization, seems to have significant
potential. In addition, the quantity of PET bottles
transferred to domestic recyclers was at the level of 300
thousand t until 2018, when China banned the import of
waste plastics. As domestic plastic recycling continues
to increase, the necessity of reviewing the methods of
recycling plastics also increases.
In Japan, as mentioned before, the three technology
methods of material recycling, mechanical recycling,
and chemical recycling are applied for PET bottle
recycling. Material recycling is technology for
manufacturing reprocessed resin through physical
operations, such as screening, crushing, and washing.
Foreign matter and dirt, including caps and
labels/wrapping materials of PET bottles, are removed
using processes such as pneumatic separation, gravity
concentration, and alkaline hot water washing, to
produce flakes or pellets. The flakes are shipped to
manufacturers of staple fibers, sheets, detergent bottles,
and moldings, while the pellets are sent to producers
using filament fibers and sheets. This process is
classified as so-called ‘open-loop’ recycling.
Mechanical recycling, which adds the processes of
condensation polymerization and crystallization to
material recycling, produces recycled resins that can be
used as raw materials for PET bottles for food and drink
purposes. This can be classified as ‘closed-loop’ bottleto-bottle recycling. With the progress made in the use of
recycled resins for PET bottles, the share of mechanical
recycling continues to increase.
Chemical recycling takes crushed, washed, and sorted
flakes, and decomposes and purifies these chemically
into monomers that can be used as the raw material for
PET resin. The chemically decomposed monomers are
recycled back into PET resins through repolymerization.
Technology for decomposition and repolymerization
into dimethyl terephthalate (DMT) to make PET resin
materials for fibers, technology for repolymerization
from DMT via purified terephthalic acid (PTA), and
technology for decomposition into highly-purified

bis(2-hydroxyethyl) terephthalate (BHET) and
repolymerization have also been put into practice.
However, the stakeholders have been forced to
withdraw chemical recycling from the market due to the
high processing costs compared to material and
mechanical recycling.
4.

Recycling of Other Plastic Containers and
Packaging
Since the addition of non-PET bottle plastic containers
and packaging to the target recycling categories, a result
of the full enforcement of the Containers and Packaging
Recycling Law in 2000, there has been an increase in
the quantity of collection, mainly via the designated
organization route.
According to the JCPRA, the potential annual emissions
of plastic containers and packaging are estimated at 1.2
million t. In addition, approximately 60% of
municipalities are currently performing separate
collection, which comes to about 70% of the population.
Furthermore, in the case of plastic containers and
packaging, with mixed resins with that have diverse
materials and uses, contamination by foreign matter
such as the adhesion of food is a common occurrence.
For this reason, even in the case of municipalities
performing separate collection, it is thought that a large
quantity of plastic containers and packaging is not being
separately collected and is becoming mixed in with
combustible waste. As a result, the proportion being
transferred to the recyclers is estimated to only comprise
approximately half of the potential emissions.
In the current Containers and Packaging Recycling Law,
methods of recycling plastic containers and packaging
can be broadly classified into material recycling and
chemical recycling. Energy recovery is considered a
complementary method. Furthermore, when it comes to
bids from registered recyclers, it has been determined
that material recyclers satisfying certain conditions are
given priority; however, as the waste processing costs
(bid contract price) are higher for material recycling
than for chemical recycling, an issue has been noted
such that prioritizing material recycling will increase the
cost burden faced by the specified business entities. The
contract price in recent years for material recycling has
been 50–55 yen/kg, in contrast to a range of 40–45
yen/kg for chemical recycling.
With regard to material recycling for plastic containers
and packaging, the following example illustrates the
typical process flow. First, foreign matter is removed
from baled waste plastics, using screening, magnetic
separation, and manual separation. Following this,
flotation or hydrocyclones are used to separate
polyethylene (PE) and polypropylene (PP) resins with a

specific gravity of less than 1, and these are used as the
main elements when producing recycled resins (pellets).
Pellets are used as the raw material for daily goods, civil
engineering materials, and materials for distribution.
Liquefaction technology, which is classified as chemical
recycling, decomposes chlorine resins and, after
removing hydrochloric acid, separates the waste plastics
into three types of hydrocarbon oil (light, middle, and
heavy distillate oil), using thermal decomposition and
distillation. Some light distillate oil is internally used in
the liquefaction process, while the remainder is sold to
other business entities and used as a raw material for
petrochemical feedstock. Middle distillate oil and heavy
distillate oil are used as fuel by other business entities,
while some heavy distillate oil is used in the liquefaction
process. However, there are some tough conditions
related to profitability, such as the fact that a large
amount of energy is required for thermal decomposition.
All operators had withdrawn from the market by 2010.
At steelworks, iron ore and coke are inserted from the
top of a blast furnace, and pig iron is manufactured by
reducing and decomposing the iron ore. Here, the coke
is gasified into carbon monoxide (CO) and is used as a
reducing agent to remove oxygen from the iron ore.
Since the main elements in the plastic are carbon and
hydrogen, plastics can be used as a coke substitute for
pig iron production. This is a technology for using waste
plastics as a reducing agent in blast furnaces, and is
classified as chemical recycling. In the Containers and
Packaging Recycling Law, the pre-process for removing
foreign matter from waste plastics and forming pellets
as the reducing agent is defined as recycling.
Coal substitute for coke production is a technology that
uses waste plastics to manufacture coke used as a
reducing agent in the steelmaking process. This is also
chemical recycling by the steel maker. Waste plastics are
coarsely ground via the pre-process, and after foreign
matter such as metal and chlorine resin is removed, it is
formed into pellets. In the Containers and Packaging
Recycling Law, the process to this point is defined as
recycling. The waste plastics that are formed by this are
mixed in with the coal at 1–2% of the total amount, and
placed in a coke oven. In the coke oven, the coal and
waste plastics are thermally decomposed into coke,
hydrocarbon oil, and coke oven gas (COG). With coke
as the reducing agent in the blast furnace, the
hydrocarbon oil is used as a raw material for chemicals
including plastics, and COG is used as energy for
internal power generation.
Gasification is the technology for manufacturing a gas
with hydrogen (H2) and CO as the main elements from
waste plastics; this synthetic gas was used as a chemical

raw material or energy. What follows is a description of
its use as a raw material for ammonia. First, the waste
plastic is ground via pre-processing, and after removing
foreign matter such as metal, pellets are formed. Next,
thermal decomposition and partial oxidation are
performed in low- and high-temperature gasification
furnaces to obtain a synthetic gas. Following that, the
synthetic gas is used as a raw material in the ammonia
production process in the same business, via a hydrogen
chloride neutralization and CO conversion process. In
the Containers and Packaging Recycling Law, this
synthetic gas is defined as a recycled material, and this
is classified as chemical recycling.

progressing rapidly around the world. In Japan the
“Resource Circulation Strategy for Plastics” was
formulated in May 2019. Moreover, at the June 2019
G20 Osaka Summit, the “Osaka Blue Ocean Vision”
was adopted aiming to eliminate additional pollution
from marine plastic waste by 2050.

5. Concluding Remarks
The attention paid to the plastic issue in recent years is
truly breathtaking to the present author, who has been
doing research in this field for decades. However, one
cannot help but feel that many authors of newspaper
articles and news on the Internet lack a basic
understanding of plastics and recycling. In particular, as
this article has shown, there are a wide variety of plastic
recycling methods, and the fact that they are classified
in ways that are not always clear can hinder
understanding.

Professors Shinichi Sakai and Yong-Chul Jang
(international committee chairmen of the JSMCWM
and KSWM, respectively) acted as symposium
facilitators. In addition, 4 presentations were given by
researchers and a government administrator from Korea
and Japan. Figure 1 shows a summary of the 2019
International Symposium.

This problem is leading to confusion in discussions
regarding the level of progress in resource circulation,
including the recycling rate. Similar recycling methods
in Japan and Europe are sometimes placed in different
categories, while, on the other hand, completely
different recycling technologies are often placed in the
same category. Moving forward, it will be necessary to
carefully review and reorganize the classifications and
definitions of recycling methods both domestically and
internationally. As part of this, we need to discuss, in
regard to the methods of recycling plastics practiced in
Japan, which can be recognized as recycling when
following international standards.
(Assistant Prof. Ph.D. Jun Nakatani The University of
Tokyo)

International Events at the 30th Annual
Conference of the JSMCWM at Tohoku
University, Sendai
The 30th Annual Conference of the JSMCWM was held
from September 19 (Thu) to 21 (Sat), 2019 at Tohoku
University in Sendai. This article gives a brief report on
the International Symposium and International Hybrid
Session that were held on the first day.
1. International Symposium
The plastic waste problem is a hot discussion topic in
Japan and overseas, and this state of affairs is

At a previous Korea-Japan International Symposium
held in Gwang-Yang in May 2018, the theme of “Ocean
Debris and Micro Plastic” was extensively discussed.
However, how plastic resource management ought to be
in the “circular economy” was particularly discussed in
the 2019 International Symposium.

Prof. Toshiaki Yoshioka (Tohoku University),
JSMCWM president, discussed recent topics related to
plastics and plastic recycling technology. He also made
a proposal for the promotion of chemical recycling
through the collaboration of “venous” and “arterial”
industries, as well for the recycling of all plastics
through the establishment of new recycling routes.
Figure 1 Summary of the
Symposium

2019

International

Plastic Material Management in Circular Economy
September 19, 2019 13:30 - 15:00
 Facilitators:
Shinichi Sakai (Kyoto University, Japan)
Yong-Chul Jang (Chungnam National University,
Korea)
 Presentations and Presenters:
Plastic recycling through collaboration between the
arterial and venous industries
Toshiaki Yoshioka (Tohoku University, Japan)
Strategies for circular economy and plastics
management in Korea
Sora Yi (Korea Environment Institute, Korea)
Japan's resource circulation policy for plastics
Yusuke Inoue (Ministry of the Environment
Japan)
Plastic waste recycling status in Korea
Gil-Jong Oh (Korea Waste Association, Korea)

Dr. Sora Yi (KEI, Korea) focused on global and Korean
trends in connection with the circular economy,

economic methods in Korea, public-private partnerships,
strategies for managing plastic through the regulation of
disposable cups, initiatives for plastic management in
the circular economy, and issues for the future.
Mr. Yusuke Inoue (MOE, Japan) gave a presentation on
the situation regarding marine plastic waste
contamination. In addition, he presented Japan’s efforts
and policies against plastic waste and marine litter —
including Japan’s Resource Circulation Strategy for
Plastics and the G20 Action Plan on Marine Litter.
Furthermore, Mr. Inoue highlighted the recent
international discussions on countermeasures for
marine plastic litter at the 2019 G20 Ministerial Meeting
on Energy Transitions and Global Environment for
Sustainable Growth and at the 2019 G20 Osaka Summit.
Dr. Gil-Jong Oh (KWA, Korea) presented on plastic
material flow and waste composition in Korea and the
state of waste separation in local governments, as well
as the state of plastic recycling through extended
producer responsibility (EPR) and a project on the
development of technology for plastic recycling using
AI.
More than 80 people participated, after each
presentation or discussion actively interacting and
sharing lively opinions about efforts to recycle all
quantities of plastics, the status of international
cooperation on plastic resource recycling, and setting
targets for the reduction of disposable plastics.

Photo 1 A scene from the 2019 International
Symposium
(Satoshi Mizutani and Gen’ichiro Tsukada)
2. International Hybrid Session
The International Hybrid Session was held on
September 19, consisting of 90-second oral
presentations followed by 90-minute poster
presentations. The chairpersons of the oral session were
Dr. Tomonori Ishigaki (National Institute for
Environmental Studies, Japan), Dr. Satoshi Mizutani
(Osaka City University, Japan), and the aforementioned
Dr. Sora Yi. Approximately 70 people attended the oral

session, after which they moved to the poster room for
the poster presentations and active discussion (Photo 2).
There were 35 presentations, slightly fewer than
previous years. A breakdown of research themes
includes 14 presentations on 3R/waste management, 12
on recycling, 4 on heat treatment, 3 on landfills, and 2
on hazardous waste. There were 9 presentations from
Korea, 20 by foreign students belonging to 9
universities in Japan, and 6 other presentations.

Photo 2 A scene from the Poster Session
Based on the oral presentations and the posters,
“Excellent Poster” awards were selected and presented
at the dinner party (see Figure 2 and Photo 3).
Figure 2 List of “Excellent Poster” Awards
IA-5
Comparison of flow and indicators of end-of-life
vehicle between the European Union and Japan
Bishal Bhari (Kyoto University, Japan)
IC-2
Developing a Cl recovery process for PVC wastes
under the guideline of ex-ante life cycle assessment
Jiaqi Lu (Tohoku University, Japan)
IC-12
Estimation of greenhouse gas reduction in waste
recycling sector in Cheongju-si, Korea using US
EPA WARM model
Gain Lee (Chungnam National University,
Korea)
IF-2
Reduction of heavy metal in municipal solid waste
incineration fly ash by using water, NaOH, KOH,
and NH4OH
Dongwoo Kang (Yonsei University, Korea)

“Fuel characteristics of sewage sludge using thermal
treatment”, Joo Yeob Lee, Sujeeta Karki, Jeeban Poudel,
Keun Won Lee, Sea Cheon Oh*
ORIGINAL ARTICLE, pp. 774-785
“Barriers on the propagation of household solid waste
recycling practices in developing countries: State of
Palestine example”, Mary G. Kattoua, Issam A. AlKhatib*, Stamatia Kontogianni

Photo 3 “Excellent Poster” award winners
(Associate Prof. Dr. Satoshi Mizutani Osaka City
University)

Upcoming Events
The 6th 3R International Scientific Conference on
Material Cycles and Waste Management (The 6th
3RINCs)
・ Date: 16-18 March 2020
・ Venue; Tsukuba International Congress Center,
Japan
(https://www.epochal.or.jp/eng/index.html)
・ Deadline for abstracts: 6 December 2019
・ Deadline for early registration: 29 January 2020
・ Flyer: http://www.3rincs.org/wpcontent/uploads/2019/10/6_3RINCs2020TKBCallforAbstractsVer2.pdf
・ Web page: http://www.3rincs.org/
・ Facebook page: https://www.facebook.com/3rincs/

Journal of Material Cycles and
Waste Management, Vol. 21, Issue 4
(July 2019)
ORIGINAL ARTICLE, pp. 743-752
“Solid waste seasonal characteristics related to
economic conditions: Hatay northern west as case
study”, Mutlu Yalvaç, Selen Günaydın, Mohammed
Saleh*, Duygu Yaylacı
ORIGINAL ARTICLE, pp. 753-765
“Field study of disaster waste management and disposal
status of debris after Gorkha Earthquake in Kathmandu,
Nepal”, Raju Poudel, Yasuhiro Hirai*, Misuzu Asari,
Shin-ichi Sakai
ORIGINAL ARTICLE, pp. 766-773

ORIGINAL ARTICLE, pp. 786-800
“Assessment of energy parameters of biomass and
biochars, leachability of heavy metals and phytotoxicity
of their ashes”, Monika Mierzwa-Hersztek*, Krzysztof
Gondek, Marcin Jewiarz, Krzysztof Dziedzic
ORIGINAL ARTICLE, pp. 801-809
“Recycling and utilization of agro-food waste ashes:
syntheses of the glasses for wide-band gap
semiconductor applications”, Gaurav Sharma, K.
Singh*
ORIGINAL ARTICLE, pp. 810-817
“Removal characteristics of paint particles generated
from paint spray booths”, Jae-Rang Lee, Seong‑Min
Jeon, Naim Hasolli, Kang-San Lee, Kwan-Young Lee,
Young-Ok Park*
ORIGINAL ARTICLE, pp. 818-828
“PVC concrete composites: comparative study with
other polymer concrete in terms of mechanical, thermal
and electrical properties”, Özge Bildi Ceran, Barış
Şimşek, Tayfun Uygunoğlu*, Osman Nuri Şara
ORIGINAL ARTICLE, pp. 829-837
“Quantitative phase analysis of fly ash of municipal
solid waste by X-ray powder diffractometry/Rietveld
refinement”, Atsushi Ohbuchi*, Yuya Koike, Toshihiro
Nakamura
ORIGINAL ARTICLE, pp. 838-849
“Use of raw-state bottom ash for aggregates in
construction materials”, Jin Young Yoon, Jun Young Lee,
Jae Hong Kim*
ORIGINAL ARTICLE, pp. 850-860
“Life cycle assessment of paper and plastic packaging
waste in landfill, incineration, and gasificationpyrolysis”, A. Demetrious*, E. Crossin
ORIGINAL ARTICLE, pp. 861-871
“Eco-friendly polymers mortar for floor covering based
on dredged sediments of the north of France”, Ilyas
Ennahal*, Walid Maherzi, Yannick Mamindy-Pajany,
Mahfoud Benzerzour, Nor-Edine Abriak
ORIGINAL ARTICLE, pp. 872-884
“Economic assessment of food waste co-digestion with

sewage sludge in five Asian cities”, Yi-Shin Wang*,
Nae-Wen Kuo
ORIGINAL ARTICLE, pp. 885-896
“Characterization of incineration residues from
wastewater treatment plant in Polish city: a future waste
based source of valuable elements?” Monika Kasina*,
Małgorzata Wendorff-Belon, Piotr Rafał Kowalski,
Marek Michalik

“Quantification of nitrogen load in a regulated river
system in Vietnam by material flow analysis”, Thu Nga
Do*, Viet Bach Tran, Anh Duc Trinh, Kei Nishida
ORIGINAL ARTICLE, pp. 984-993
“From industrial waste to valuable products:
preparation of hydrogen gas and alumina from
aluminium dross”, Arunabh Meshram*, Anant Jain,
Mudila Dhanunjaya Rao, Kamalesh Kumar Singh

ORIGINAL ARTICLE, pp. 897-904
“Effect of sludge char addition on drying rate and
decomposition rate of organic waste during bio-drying”,
Nobusuke Kobayashi*, Hisashi Hamabe, Satori Yamaji,
Akira Suami, Yoshinori Itaya

ORIGINAL ARTICLE, pp. 994-1003
“Utilization of recycled glass for 3D concrete printing:
rheological and mechanical properties”, Guan Heng
Andrew Ting, Yi Wei Daniel Tay*, Ye Qian, Ming Jen
Tan

ORIGINAL ARTICLE, pp. 905-914
“Awareness on waste segregation at source and
willingness to pay for collection service in selected
markets in Ga West Municipality, Accra, Ghana”,
Lois Eyram Agbefe,
Elaine Tweneboah Lawson,
Dzidzo Yirenya-Tawiah*

ORIGINAL ARTICLE, pp. 1004-1013
“A study on selective leaching of heavy metals vs. iron
from fly ash”, Heini Elomaa, Sipi Seisko, Jenna Lehtola,
Mari Lundström*

ORIGINAL ARTICLE, pp. 915-924
“Mercury distribution analyses and estimation of
recoverable mercury amount from byproducts in
primary metal production facilities using UNEP toolkit
and on-site measurement”, Seung-Ki Back, A. H. M.
Mojammal, Jeong-Hun Kim, Young-Hee Kim, KwangSeol Seok, Yong-Chil Seo*
ORIGINAL ARTICLE, pp. 925-941
“Intra- and inter-particle heterogeneity of municipal
solid waste incineration fly ash particles”, Hiroki
Kitamura, Astryd Viandila Dahlan, Yu Tian, Takayuki
Shimaoka, Takashi Yamamoto, Fumitake Takahashi*

ORIGINAL ARTICLE, pp. 1014-1026
“Utilization of metalized plastic waste of food
packaging articles in geopolymer concrete”, Ankur C.
Bhogayata*, Narendra K. Arora
REGIONAL CASE STUDY, pp. 1027-1037
“Analyzing household waste generation and its
composition to expand the solid waste bank program in
Indonesia: a case study of Medan City”, Hafizhul
Khair*, Indriyani Rachman, Toru Matsumoto

Journal of Material Cycles and
Waste Management, Vol. 21, Issue 5
(September 2019)

ORIGINAL ARTICLE, pp. 942-949
“Efficient sulfuric acid-Vitamin C leaching system:
Towards enhanced extraction of cobalt from spent
lithium-ion batteries”, Guilan Gao, Xingmin Luo,
Xiaoyi Lou, Yaoguang Guo*, Ruijng Su, Jie Guan*,
Yingshun Li, Hao Yuan, Jue Dai, Zheng Jiao*

REVIEW, pp. 1039-1051
“Agricultural wastes preparation, management, and
applications in civil engineering: a review”, Hoang
Nguyen, Mohamad Jamali Moghadam, Hossein
Moayedi*

ORIGINAL ARTICLE, pp. 950-961
“Generation, management practices and rapid risk
assessment of solid medical wastes: a case study in
Burundi”, Edouard Niyongabo, Yong-Chul Jang,
Daeseok Kang, Kijune Sung*

ORIGINAL ARTICLE, pp. 1052-1062
“Study of improvement of bioremediation performance
for the degradation of petroleum hydrocarbons in oily
sludge by a chemical pretreatment strategy”, Ehsan
Abouee Mehrizi, Majid Kermani, Mahdi Farzadkia*,
Ali Esarfili, Mahdi Ghorbanian

ORIGINAL ARTICLE, pp. 962-973
“Increasing seawater alkalinity using fly ash to restore
the pH and the effect of temperature on seawater flue
gas desulfurization”, Seung-Ki Back, A. H. M.
Mojammal, Hyeun-Ho Jo, Jin-Ho Kim, Min-Jae Jeong,
Yong-Chil Seo, Hyun-Tae Joung*, Seong-Heon Kim*
ORIGINAL ARTICLE, pp. 974-983

ORIGINAL ARTICLE, pp. 1063-1074
“Potential use of waste cockle shell as filler for
thermoplastic composite”, Yamuna Munusamy*,
Sumathi Sethupathi, Chi Hong Choon
ORIGINAL ARTICLE, pp. 1075-1084
“Calcination characteristics of oyster shells and their

comparison with limestone from the perspective of
waste recycling”, Suhyeon Ha, Jin Won Lee, SeungHyun Choi, Seok-Hwi Kim, Kangjoo Kim*, Yeongkyoo
Kim*
ORIGINAL ARTICLE, pp. 1085-1094
“Novel method for sustainable and selective separation
of PVC and PET by the homogeneous dissociation of
H2O2 using ultrasonication”, Nguyen Thi Thanh Truc*,
Hung Anh Le, Duy Trinh Nguyen, Thanh-Dong Pham
ORIGINAL ARTICLE, pp. 1095-1105
“Utilization of chloroprene rubber waste as blending
component with natural rubber: aspect on metal oxide
contents”, Nabil Hayeemasae*, Siti Zuliana Salleh,
Hanafi Ismail
ORIGINAL ARTICLE, pp. 1106-1122
“Study of the degradation profile for virgin linear lowdensity polyethylene (LLDPE) and polyolefin (PO)
plastic waste blends”, S. M. Al-Salem*, M. H.
Behbehani, A. Al-Hazza’a, J. C. Arnold, S. M. Alston,
A. A. Al-Rowaih, F. Asiri, S. F. Al-Rowaih, H. Karam
ORIGINAL ARTICLE, pp. 1123-1131
“N-doped carbon microspheres anode from expired
vitamin B1 injections for lithium ion battery”,
Hongying Hou*, Chengyi Yu, Xianxi Liu*, Yuan Yao,
Zhipeng Dai, Dongdong Li
ORIGINAL ARTICLE, pp. 1132-1143
“Thermo-chemical conversion of waste glass into nonvitreous porous material for adsorption application”,
Zahid Hussain, Abbas Khan, Nawab Sultan, Murad Ali,
Muhammad Yasin Naz*, Khalid Saed, Shaharin Anwar
Sulaiman

fibreboard production: the case of waste paper and
water hyacinth”, E. O. Ojo*, M. Okwu, L. EdomwonyiOtu, F. A. Oyawale
ORIGINAL ARTICLE, pp. 1188-1196
“Preparation of LTA, HS and FAU/EMT intergrowth
zeolites from aluminum scraps and industrial
metasilicate”, Rahma Abid, Gérard Delahay, Hassib
Tounsi*
ORIGINAL ARTICLE, pp. 1197-1210
“Chemico-thermal treatment for quality enhancement
of recycled concrete fine aggregates”, G. Santha
Kumar*, P. K. Saini, S. R. Karade, A. K. Minocha
ORIGINAL ARTICLE, pp. 1211-1223
“Study on magnesium slag desulfurizer modified by
additives in quenching hydration”, Bao-guo Fan, Li Jia,
Fei Han, Rui-peng Huo, Yu-xing Yao, Xiao-lei Qiao,
Chuan-wen Zhao, Yan Jin*
ORIGINAL ARTICLE, pp. 1224-1231
“Waste ashes as catalysts for the pyrolysis–catalytic
steam reforming of biomass for hydrogen-rich gas
production”, Amal S. Al-Rahbi, Paul T. Williams*
ORIGINAL ARTICLE, pp. 1232-1241
“Removal of Mn and Cd contained in mine wastewater
by Mg–Al-layered double hydroxides”, Mir Tamzid
Rahman, Tomohito Kameda*, Takao Miura, Shogo
Kumagai, Toshiaki Yoshioka
ORIGINAL ARTICLE, pp. 1242-1249
“Synthesis of layered double hydroxide from asbestoscontaining waste and its adsorption property”, Songnan
Li*

ORIGINAL ARTICLE, pp. 1144-1154
“Characterization of anaerobic digestion of Chinese
cabbage waste by a thermophilic microorganism
community”, Yanli Gong, Yucai Lyu*, Ping Li, Dachun
Gong, Zhiqiang Gao, Jie Chen, Jin Qi, Zhaoyang Liu,
Ning Li, Jinling Guo, Yihong Tian, Han Shen, Xin Tan,
Wenxia Ren, Yaoping Zhang*

NOTE, pp. 1250-1261
“Evaluation of the use of marble waste in hydrated lime
cement mortar based”, Markssuel Teixeira Marvila*,
Jonas Alexandre, Afonso R. G. de Azevedo, Euzébio
Bernabé Zanelato

ORIGINAL ARTICLE, pp. 1155-1166
“Multi-sector evaluation of generation, composition and
sustainable treatment systems for commercial waste
streams in India”, Christopher J. Speier*, Rahul Ramesh
Nair, Moni M. Mondal, Dirk Weichgrebe

Journal of Material Cycles and
Waste Management, Vol. 21, Issue 6
(November 2019)

ORIGINAL ARTICLE, pp. 1167-1176
“Virtuous cycle of destruction and total recycling of
pure asbestos and asbestos-containing waste”, G. Talbi,
M. Cambon, O. Cambon*
ORIGINAL ARTICLE, pp. 1177-1187
“Initial assessment of reuse of sustainable wastes for

REVIEW, pp. 1263-1279
“Review on evolution of municipal solid waste
management in India: practices, challenges and policy
implications”, Priti*, Kasturi Mandal
ORIGINAL ARTICLE, pp. 1280-1290
“Biodegradation of oil tank bottom sludge using a new
two-phase composting process: kinetics and effect of
different bulking agents”, Ali Koolivand*, Hamid

Abtahi, Kazem Godini, Reza Saeedi, Mohammad
Sadegh Rajaei, Maryam Parhamfar, Hamed Seifi

Olga Gileva, HyangKyu Park*, KeonAh Shin

ORIGINAL ARTICLE, pp. 1300-1310
“Generation behavior of tar from ABS, PC, and PE
during pyrolysis and steam gasification by mass
spectrometry”, Yoko Nunome*, Toshiya Suzuki, Ivan
Nedjalkov, Yasuaki Ueki, Ryo Yoshiie, Ichiro Naruse

ORIGINAL ARTICLE, pp. 1391-1401
“Utilization of green waste from vegetable market for
biomethane production: influences of feedstock to
inoculum ratios and alkalinity”, A. T. Ta, S. Babel*

ORIGINAL ARTICLE, pp. 1311-1320
“Reframing environmental problems: lessons from the
solid waste crisis in Lebanon”, May A. Massoud*,
Michel Mokbel, Suheir Alawieh
ORIGINAL ARTICLE, pp. 1321-1331
“Effect of substituting organic fraction of municipal
solid waste with fruit and vegetable wastes on anaerobic
digestion”, Ahmad Reza Salehiyoun, Mohammad
Sharifi*, Francesco Di Maria, Hamid Zilouei, Mortaza
Aghbashlo
ORIGINAL ARTICLE, pp. 1332-1340
“Anaerobic co-digestion of municipal solid wastes with
giant reed under mesophilic conditions”, Firas AlZuhairi, Luca Micoli, Ciro Florio, Angelo Ausiello,
Maria Turco, Domenico Pirozzi, Giuseppe Toscano*
ORIGINAL ARTICLE, pp. 1341-1349
“Nitrification-related factors involved in the
biochemical oxygen demand of leachate from inertwaste landfill site”, Shusaku Hirakawa*, Tomoko Koga,
Nobuhiro Shimizu, Tsuguhide Hori, Youichi Kurokawa,
Mineki Toba
ORIGINAL ARTICLE, pp. 1350-1360
“Pyrolysis kinetic study of waste milk packets using
thermogravimetric
analysis
and
product
characterization”, Gajendra Singh, Anil Kumar Varma,
Sadiya Almas, Anusua Jana, Prasenjit Mondal*, Jeffrey
Seay
ORIGINAL ARTICLE, pp. 1361-1375
“Utilization of waste from steel and iron industry as
replacement of cement in mortars”, Richa Palod*, S. V.
Deo, G. D. Ramtekkar
ORIGINAL ARTICLE, pp. 1376-1383
“Improvement of hybrid jig separation efficiency using
wetting agents for the recycling of mixed-plastic
wastes”, Mayumi Ito*, Megumi Takeuchi, Ayumu Saito,
Nana Murase, Theerayut Phengsaart, Carlito Baltazar
Tabelin, Naoki Hiroyoshi, Masami Tsunekawa
ORIGINAL ARTICLE, pp. 1384-1390
“Rapid simultaneous recovery and purification of
calcium and molybdenum from calcium molybdatebased crystal waste”, Pabitra Aryal, Sujita Karki, Yona
Choi, HongJoo Kim, Yeonduk Kim, Vitaly Milyutin,

ORIGINAL ARTICLE, pp. 1402-1413
“Leaching of toxic elements from secondary alkaline
lead slag and stabilized/solidified products”, Marija
Štulović*, Dragana Radovanović, Željko Kamberović,
Marija Korać, Zoran Anđić, Milisav Ranitović
ORIGINAL ARTICLE, pp. 1414-1425
“The effects of using cathode ray tube (CRT) glass as
coarse aggregates in high-strength concrete subjected to
high temperature”, N. N. M. Pauzi*, M. Jamil, R. Hamid,
A. Z. Abdin, M. F. M. Zain*
ORIGINAL ARTICLE, pp. 1426-1436
“Kinetics study of the methane production from
experimental recycled pulp and paper sludge by CSTR
technology”, Mohammed Bakraoui*, Fadoua Karouach,
Badr Ouhammou, Mohammed Aggour, Azzouz Essamri,
Hassan El Bari
ORIGINAL ARTICLE, pp. 1437-1448
“Waelz slag-based construction ceramics: effect of the
trial scale on technological and environmental
properties”, E. Cifrian, M. Coronado, N. Quijorna, R.
Alonso-Santurde, A. Andrés*
ORIGINAL ARTICLE, pp. 1449-1461
“Management of the end-of-life of light and heavy
vehicles in the U.S.: comparison with the European
Union in a circular economy perspective”, Michael
Saidani*, Alissa Kendall, Bernard Yannou, Yann Leroy,
François Cluzel
ORIGINAL ARTICLE, pp. 1462-1476
“Current status and behavior modeling on household
solid-waste separation: a case study in Da Nang City,
Vietnam”, Vu Chi Mai Tran, Hoang Son Le, Yasuhiro
Matsui*
ORIGINAL ARTICLE, pp. 1477-1487
“Application of hydrogeological and biological
research for the lysimeter experiment performance
under simulated municipal landfill condition”,
Dominika Dąbrowska*, Marek Sołtysiak, Paulina
Biniecka, Justyna Michalska, Daniel Wasilkowski,
Agnieszka Nowak, Vahid Nourani
ORIGINAL ARTICLE, pp. 1488-1504
“Resource and toxic characterization in end-of-life
vehicles through dismantling survey”, Junya Yano*,
Guochang Xu, Heping Liu, Toshiyuki Toyoguchi, Hisao

Iwasawa, Shin-ichi Sakai
ORIGINAL ARTICLE, pp. 1505-1517
“Electroplating
sludge
handling
by
solidification/stabilization process: a comprehensive
assessment using kaolinite clay, waste latex paint and
calcium chloride cement additives”, Florencio
Ballesteros, Arceo Antonio Manila, Angelo Earvin Sy
Choi, Ming Chun Lu*
ORIGINAL ARTICLE, pp. 1518-1525
“Extraction of rare earths by undiluted [P666,14][NO3]
and DEHEHP, and the recovery of rare earths from lamp
phosphors”, Junmei Zhao*, Zhichun Yu, Huizhou Liu
ORIGINAL ARTICLE, pp. 1526-1540
“Use of waste sludge generated from water
defluoridation plant as partial substitute for fine
aggregates in mortars: microstructural characterization
and compressive strength”, Swati Dubey, Madhu
Agarwal*, A. B. Gupta
ORIGINAL ARTICLE, pp. 1541-1549
“Durability and strength properties of particle boards
from polystyrene–wood wastes”, Banjo Ayobami
Akinyemi*, Clinton Emeka Okonkwo, Elijah Aina
Alhassan, Mosunmola Ajiboye
ORIGINAL ARTICLE, pp. 1550-1562
“Performance evaluation of green-concrete pavement
material containing selected C&D waste and FA in cold
regions”, Yimeng Wei, Junrui Chai*, Yuan Qin,
Zengguang Xu, Xianwei Zhang
ORIGINAL ARTICLE, pp. 1563-1571
“Recovery of Ca(OH)2, CaCO3, and Na2SO4 from
Moroccan phosphogypsum waste”, B. Bouargane, A.
Marrouche, S. El Issiouy, M. G. Biyoune, A. Mabrouk,
A. Atbir*, A. Bachar, R. Bellajrou, L. Boukbir, B. Bakiz
REGIONAL CASE STUDY, pp. 1572-1586
“The potentials of landfill gas production: a review on
municipal solid waste management in Indonesia”, Dian
Andriani*, Tinton D. Atmaja
REGIONAL CASE STUDY, pp. 1587-1601
“Energy potential using landfill biogas and solar
photovoltaic system: a case study in Brazil”, Matheus
Martins Lopes, Vladimir Rafael Melián Cobas, Regina
Mambeli Barros*, Electo Eduardo Silva Lora, Ivan
Felipe Silva dos Santos
CORRECTION, pp. 1602
“Correction to: Effect of substituting organic fraction of
municipal solid waste with fruit and vegetable wastes
on anaerobic digestion”, Ahmad Reza Salehiyoun,
Mohammad Sharifi*, Francesco Di Maria, Hamid

Zilouei, Mortaza Aghbashlo

Current Members of JSMCWM

Current Members of JSMCWM
as of April 30st, 2019
Regular Members
1,858
Fellows
44
Seniors
71
Honorary Members
8
Students
136
Public Institutions
87
Supporting Companies
117
Supporting Individuals
1
Regular Association Citizens
3
Individual Citizens
15
Korea Society of Waste Management
20
Total
2,360
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