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　二十世紀後半に代表される大量生産、
大量消費の社会は負の遺産としての大
量廃棄を結果としてもたらしたとよく言
われます。その問題への解の一つが“ 循
環型社会 ”の形成を進めることです。廃
棄物問題に対する警鐘の声がおこりはじ
めたのは、そう古いことではなく、1980
年前後からです。産業社会と消費社会の
構造に起因する廃棄物の発生構造に対
する対応策を、日本で公式に制度に盛り
込むこととなったのは 1991 年の改正
廃棄物処理法でした。それまでの「安定
化、減量化、エネルギー利用」を基調とし
た廃棄物政策に、「発生回避、リサイク
ル」の視点を追加し、これらに高い優先
性を与えたわけです。その後、1993 年
に策定された環境基本法の下で定めら
れた「環境基本計画」では、循環、共生、
参加、国際的取組が基本理念とされ、こ
のなかの循環を中心とした国の基本法
として、「循環型社会形成推進基本法」
が 2000 年に成立しました。そこでは、
発生抑制、再使用、再生利用、熱回収、適
正処分を廃棄物・リサイクル対策の基
本的な優先順位と考えることが規定され
ています。この基本法は、物質循環を基
調とした社会の形成をはかるための日本
の憲法ともいえますが、その健全な展開
のためには、技術的、制度的な多くの課
題を克服していかねばなりません。
　こうした背景の中、国立環境研究所の
第1期中期計画期間中（2001～2005
年度）には、基本法の下に循環型社会形
成推進基本計画が策定され、廃棄物の
処理及び清掃に関する法律の改正法、
各種リサイクル促進法が施行されるなど、
制度面での整備が進みました。しかし、未
だに一般廃棄物、産業廃棄物は、ともに
最終処分量は減少しているものの、排出
量はここ数年横ばい傾向にあり、廃棄物
の発生抑制などを促進する必要性が高
まっているのです。

はじめに
　循環型社会・廃棄物研究センターの
　役割と目指す方向
　循環型社会・廃棄物研究センター
（2005 年度までは、「循環型社会形成推
進・廃棄物研究センター」。以下、「循環
センター」といいます。）は、2001 年 4月
に発足以来、環境保全を図りつつ、天然
資源の利用と廃棄物の発生を抑制し、再
利用する物質の流れを創り上げ、適正な
廃棄物の管理を行うことを目標として研
究を進めてきました。そして、循環型社会
における適正な物質循環や廃棄物管理
のあり方を提案してきました（第１期中期
計画期間中の成果は、p.21を参照）。
　第2期中期計画期間（2006～2010
年度）においても、循環センターの基本
的な役割は変わりません。資源採取、生

産、流通、消費、廃棄等の社会経済活動
の全段階を通じて、資源やエネルギーの
利用の面でより一層の効率化を図り、健
全な物質循環をできる限り確保すること
によって、環境への負荷を少なくし、循環
を基調とする社会経済システムを実現す
るための研究を進めます。また、このよう
な循環型社会の実現は、我が国のみにと
どまらず、国際的にも重要な課題となっ
ていることから、国際的な研究ネットワー
クの構築を視野に入れた研究も推進し
ていきます。これまでの研究成果をベー
スに、「循環型社会構築」をより一層志向
しつつ、環境低負荷型の社会を近未来
に実現するための調査・研究に全力で
取り組みます。

循環型社会・廃棄物研究センター組織図

センター長

研究調整主幹

副センター長

循環型社会システム研究室

国際資源循環研究室

循環技術システム研究室

資源化・処理処分技術研究室

廃棄物試験評価研究室

物質管理研究室

バイオエコ技術研究室

循環型社会・廃棄物研究センターの沿革

中期計画：独立行政法人が、その業務運営の基本とする中期的な計画。
国立環境研究所の場合、環境大臣の定めた「中期目標」を達成するため5年間を期間として計画が策定される。

1938年 1月 国立公衆衛生院発足

1974年 3月 国立公害研究所発足

1990年 7月 国立環境研究所に改称（国立公害研究所より）

1992年 4月 国立公衆衛生院内に廃棄物工学部を新設

2001年 1月 省庁再編により、環境省発足（廃棄物行政の一元化）
  国立環境研究所内に廃棄物研究部を新設
        （国立公衆衛生院廃棄物工学部を移管・統合）

2001年 4月 独立行政法人国立環境研究所発足
  循環型社会形成推進・廃棄物研究センターに拡充

2006年 4月 循環型社会・廃棄物研究センターに改称

１．中核研究プロジェクト
　重点研究プログラムの中核的研究課
題として4つのプロジェクトが設定されて
います。これらプロジェクトにより、資源
の循環利用や廃棄物の処理・処分が適
切な管理のもとで行われるよう、科学技
術立国を支える資源循環技術システム
の開発と国際社会と調和した3R（排出
抑制、再使用、再生利用）推進を支える
政策手段を提案することで、近未来に実
現すべき循環型社会の具体的な姿を提
示し、その移行を支援します。

２．廃棄物管理の着実な実践のための
　　調査・研究
　第1期中期計画に引き続き、循環型社
会の実現と安全・安心な廃棄物管理を確
保するために、行政機関や内外の研究機
関等との連携の下で、新たに発生する重
大な廃棄物問題への対応や将来の循環
型社会を支える可能性を持つ要素技術
の開発等の予防的・長期的な視点に立っ
た調査・研究活動を実施します。

３．基盤的な調査・研究の推進など
　廃棄アスベストのリスク管理に関する
研究及び資源循環に係る基盤的技術の
開発といった基盤的な調査研究、並びに
資源循環・廃棄物処理に関するデータ
ベースの作成を推進します。

1．近未来の資源循環システムと
　政策・マネジメント手法の設計・評価

2．資源性・有害性をもつ
　物質の循環管理方策の立案と評価

3．廃棄物系バイオマスの
　Win-Win型資源循環技術の開発

4．国際資源循環を支える
　適正管理ネットワークと
　技術システムの構築

1．循環型社会に対応した安全・安心な
　　　　適正処理・処分技術の確立

2．試験評価・モニタリング手法の
　　　　　　　高度化・体系化

3．液状・有機性廃棄物の
　適正処理技術の高度化

4．廃棄物の不適正管理に伴う
　　　　　負の遺産対策

　国立環境研究所では、第 2期中期計画（2006 ～ 2010 年度の 5カ年の研究計画）において、全地球的な環境の健全性を確保し、
持続可能な社会を構築するために、10年先にあるべき環境や社会の姿及び課題を見越して、環境政策に資するため、所が集中
的・融合的に取り組むべき研究課題として、4つの「重点研究プログラム」を設定しました。その一つが、「循環型社会研究プログ
ラム」で、当センターがその実施の中心的役割を果たします。 
　「循環型社会研究プログラム」は、以下の内容で構成されます。また、これらの他、主に他の所内研究ユニットが担う「関連研究
プロジェクト」が設定されています。

循環型社会研究プログラムの概要

１．循環・廃棄物研究棟
　循環・廃棄物研究棟は、廃棄物の発生抑制、資源化や適正処理、リスク制御等に関
する研究を総合的に推進するために、2002 年 3月に完成した施設であり、有機性廃
棄物の資源化プラント、熱処理試験プラント、埋立模擬実験プラントなどの各種プラント
実験設備や、物理・化学・生物学的分析に必要な最新の分析機器等が整備されてい
ます。国立環境研究所は、本研究棟を拠点とし、循環型社会の実現を支援するための
研究に積極的に取り組んでいます。
　○構　　造 ： 鉄筋コンクリート3階建て　　○延床面積 ： 約4,200m2

　○竣　　工 ： 2002年3月
　○主要設備 ：
　　１階 ： 資源化プラント実験室、熱処理プラント実験室、最終処分プラント実験室　等
　　２階 ： 循環資源分析室、物理化学恒温実験室、微量分析室、バイオクリーンルーム　等
　　３階 ： 研究員居室、会議室　等

研究施設・設備の概要

　2005 年度までの、第 1期中期計画期間中に実施した調査・研究のうち、主な成果について概要を紹介します。

２．その他の研究施設
　当センターの研究は、循環・廃棄物研
究棟の実験室内だけで行われているわ
けではありません。環境研究のためには、
現場に出て実際に起きている現象を観察
し、信頼できるデータを得ることが必要
です。例えば、最終処分場の研究を実証
サイトで行ったり、液状廃棄物の修復・
改善技術開発を実証施設を設けて実施
しています。また、実態解明のための様々
なフィールド調査や、現場でのヒアリング
調査なども随時行っています。

第1期中期計画期間の主な成果はじめに01 02
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Introduction

Mass production and mass consumption 
characterizing our society in the late twentieth 
century is often blamed for its negative legacy 
of mass disposal. One solution   to this problem 
is promoting the establishment of a “sound 
material-cycle society.” Warnings about 
waste problems began not long ago in about 
1980. In Japan, countermeasures against the 
mechanism of waste generation which is 
attributable to the structure of industrial society 
and consuming society were offi cially built 
into the system with the Waste Management 
and Public Cleansing Law amended in 1991. 
This amendatory law added conceptions 
of “reduction of waste generation” and 
“recycling” to the conventional waste policies 
based on “stabilization, minimization, and 
energy utilization,” and given higher priority 
on those conceptions. Later on, the Basic 
Environment Law was enacted (1993), and 
an environmentally sound material cycle, 
harmonious coexistence, participation and 
international activities were worked out as the 
basic principles of the Basic Environmental Plan 
determined under the basic law. In 2000, the 
Basic Law for Establishing a Sound Material-
Cycle Society came into effect as a basic law base 
on the sound material cycle principle. This law 
determined that “the following subjects should 
be prioritized in the following order: reduction 
of waste generation, reuse, material recovery, 
heat recovery, and appropriate disposal.” This 
law can be understood as Japan’s constitution 
in terms of establishing a sound material-cycle 
society. In order to achieve the aims of this 
legislation, many technological, institutional 
and systemic issues need to be tackled.
Against such a background, the Basic Plan for 
Establishing a Sound Material-Cycle Society 
was developed under the pertaining Basic Law 
during the period of the fi rst fi ve-year plan 
of the National Institute for Environmental 
Studies (2001-2005). In addition, institutional 
improvements were achieved during the 
same period including the enforcement of 
the amended Waste Management and Public 
Cleansing Law and various recycling promotion 
laws. However, a need to enhance waste 
reduction, etc. is still growing with similar 
volumes of waste generation registered for 
the last several years, although declines in fi nal 
disposal volume are being observed for both 
municipal and industrial waste.

Roles and goals of the 
Research Center

The Research Center for Material Cycles and 
Waste Management (hereinafter, the Center) 
has promoted its research activities in a bid 
to set in society desirable material cycles, in 
which utilization of natural resources as well 
as generation of waste are reduced, recycling 
of materials is established, and appropriate 
waste management is ensured with care to 
preserve the environment since its foundation 
in April 2001. The Center has also proposed 
proper ways in terms of sound material cycles 
and waste management practices in a sound 
material-cycle society (see the achievements 
made during the fi rst fi ve-year plan period 
listed on P.21).
The Center considers that its basic roles will not 
change for the period covered by its second 
fi ve-year plan (2006-1010). It will promote 

research activities to realize a socio-economic 
system based on sustainable cycles by lowering 
environmental loads through improvement of 
resource and energy utilization effi ciency and 
the establishment of sound material cycles, 
wherever possible, in the entire steps of socio-
economic activity including resource extraction, 
production, distribution, consumption and 
disposal. Since the materialization of a sound 
material-cycle society as contemplated here is 
an issue of importance not only to Japan, but 
also to international society, it will also promote 
research activities with the construction of 
an international research network in mind. 
On the basis of research achievements made 
to date, the Center will promote research to 
realize a low-environmental-load society in 
the near future, placing more emphasis on 
the “Establishment of a sound material-cycle 
society.” 

Organization

Sustainable Material Cycles System Section 

Director International Material Cycles Section 

Material Cycles System Engineering Section 

Deputy Director Recycling and Disposal Engineering Section

Waste-testing and Assessment Section 

Research Coordinator Material and Substance Management Section

Bio-Eco Engineering Section

History

Jan. 1938:  Launch of the National Institute for Public Health

Mar. 1974:  Launch of the National Institute for Environmental Studies

July 1990:  Change of the designation of NIES in Japanese

Apr. 1992:  The National Institute for Public Health launches new Department of Waste 
Management Engineering

Jan. 2001:  Ministry of the Environment is established as part of administrative reforms of the 
Japanese government (Centralization of waste administration)

 NIES launches new Waste Management Research Division (Integration and 
transfer of the Waste Management Engineering Department from the National 
Institute for Public Health)

Apr. 2001:  NIES becomes an Independent Administrative Institution
 NIES launches the Research Center for Material Cycles and Waste Management

Apr. 2006:  Change of the designation of the Center in Japanese (but remained unchanged 
in English)

Five-year plan: A medium-term plan on which the operation of an independent administrative institution is based.  
 In the case of the National Institute for Environmental Studies, such a plan is formulated as a fi ve-

year plan to achieve “medium-term objectives” determined by the Minister for the Environment.

Outlines of "Priority Program: Sustainable Material Cycles"

At NIES, we have determined the four priority research programs that the Institute should, with a view to ensuring the global environment’s soundness 
and establishing a sustainable society, promote intensively and integrally in its second fi ve-year plan (covering 2006-2010) to contribute to the 
environmental policies of the government with the defi nite vision of the environment and society ten years later. One of the four programs is “Priority 
Program: Sustainable Material Cycles,” in whose promotion the Center plays a main role.
“Priority Program: Sustainable Material Cycles” comprises the following. In addition to these, there are associated research projects promoted chiefl y 
by other research units within the NIES.

1.  Core research projects

Four projects are undertaken to achieve the 
core research objectives of the priority research 
program. Through these projects, we will 
develop material cycle technology systems to 
underpin a science- and technology-supported 
nation and propose policy options to further 
3Rs (waste reduction, reuse and recycling) 
promotion in line with international society 
so that we may ensure that the cyclical use 
of resources and the treatment and disposal 
of waste are subjected to appropriate 
management. In this way, we will show an 
exemplary embodiment of a sound material-
cycle society required in the near future, and 
push the transition into such a society.

2.  Research activity to 
ensure appropriate waste 
management practices

Following the fi rst fi ve-year plan, we will 
promote survey and research activities based on 
proactive/long-term standpoints so that we may 
ensure safe, reassuring waste management. 
Our activities will be responses to emerging 
and important issues on waste management in 
cooperation with related administrative organs 
and research institutes. We will also develop 
elemental technologies supporting a future 
sound material-cycle society.

3.  Promotion of 
fundamental research

We will promote fundamental research 
including studies on discarded asbestos 
risk management and the development of 
fundamental technologies concerning material 
cycles and the building of databases relating to 
material cycles and waste disposal.

1. Designing and evaluating material 
cycle systems and policy/management 
techniques for the near future

2. Management of hazardous and 
valuable substances in life cycles of 
materials and products

3. Developing win-win resource-recycling 
technology for waste biomass

4. Establishing appropriate management 
networks and technological systems 
to support sound international 
material cycles

1. Establishment of safe, reassurance, 
and appropriate waste treatment 
and disposal technology to support a 
sound material-cycle society

2. Integration of testing, assessment and 
monitoring techniques

3. Integration of appropriate waste 
treatment technology for liquid and 
organic waste

4. Measures against negative legacies 
caused by inadequate waste 
management

Outlines of research laboratory and equipment

1. Research Laboratory of Material Cycles and Waste 
Management

The Research Laboratory of Material Cycles and Waste Management was established in March 2002 
for conducting comprehensive studies on waste reduction, recycling, appropriate waste treatment, 
risk control, and so on. It is equipped with several experimental plants, such as recycling plant of 
organic waste, thermal treatment plant and simulation plant of landfi ll, and the latest equipment 
for physical, chemical and biological analyses. The Center is using this Research Laboratory to 
conduct research on realizing a sound material-cycle society.
○ Structure: Steel-Reinforced concrete, three-story building
○ Total fl oor area: 4,200 m2

○ Completion date: March 2002
○ Major facilities:

1F: Resource-Recycling Plant, Thermal Treatment Plant, Landfi ll Simulation Plant, etc.
2F: Chemical Analysis Laboratory for Recourses, Homoiothermal Room for 

Physicochemical Experiments, GC/MS Room, Biological Analysis Laboratory, etc.
3F: Staff rooms, meeting room, etc.

2. Other research facilities

The Center’s research activities are conducted 
not only at the Research Laboratory of Material 
Cycles and Waste Management. To conduct 
environmental studies, it is imperative to go 
out into the fi eld to observe actual phenomena 
taking place there and obtain reliable data. 
For example, we are conducting research 
on a fi nal disposal plant at a demonstration 
site and promoting liquid waste restoration/
improvement technology development by 
constructing a demonstration plant. We are 
also engaged in fi eld surveys and on-site, 
interview surveys from time to time.

Major achievements made during the fi rst fi ve-year plan period 

This section provides outlines of the major achievements made in research completed during the fi rst fi ve-year plan period ending 2005.
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Introduction 
of research 
sections

Sustainable Material 
Cycles System Section 

This section will study a future vision of a sound material-
cycle society and establish policy objectives for material cycles 

as well as design institutional measures to achieve these objectives. 
It will also undertake the development of system analysis techniques to 

understand/analyze socio-economic structures comprehensively as a basis 
of such research activities and databases to facilitate such tasks as well as the 

development of indicators for the measurement and evaluation of product and 
service production/consumption structures. In particular, this section will clarify 
associated problems through the accurate documentation of material fl ows, 
which will permit a quantitative presentation of environmental loads arising 
from such material fl ows. This section will also promote research activity 
with emphasis on the elucidation of changes taking place in material fl ows 
when various measures are implemented and study resultant resource-

saving and environmental loads mitigation effects to support the 
implementation of a core research project, “Designing and 

evaluating material cycle systems and policy/management 
techniques for the near future.”

Material and 
substance management section 

For the recycling of resource materials, this section will 
promote studies on the appropriate management of chemical 

substances contained in waste taking into account their advantages 
(value) and disadvantages (hazard). In particular, material fl ows and 

behaviors in the use, disposal and recycling processes will be analyzed 
from both value and hazard aspects especially for plastics, metals and 

recycled materials. Release into the environment, risks and resource values 
of the substances will be evaluated. These research activities support the core 
research project, “Management of hazardous and valuable substances in 
life cycles.” Further, a safe and secure recycling system will be constructed 
by assessing measures and a system for the promotion of recycling, the 
regulation of hazardous substances contained in products, and the 
recovery of useful resources. In addition, this section will also contribute 

to “Measures against negative legacies caused by inadequate waste 
management” through its research activity addressing POPs.

Material Cycles System 
Engineering Section 

This section will promote design and development of 
technological system for material cycles supporting a sound 

material-cycle society, conducting research on integrated system 
design, development, and evaluation of 3R technologies covering 

the entire life cycles of recyclable resources and waste. In particular, it 
will promote evaluation studies, employing such techniques as life cycle 

assessment and cost analysis, with emphasis on the implementation of a 
core research project, “Designing and evaluating material cycle systems 
and policy/management techniques for the near future,” and with the 
optimization of integrated system design. Further, it will set development 
objectives with the entire system taken into consideration and undertake 
technology development including the development of required elemental 
technologies composing the system and evaluation studies. It will also 

expand the scope of research activity to study desirable technology 
policies and management practices at a regional or national level 

for the smooth development of a material cycle technology 
system.

International Material 
Cycles Section 

This section will promote studies to develop an appropriate 
international material cycle system, while preventing the 

exportation of pollution and environmental impacts in connection 
with the international trade of various goods and materials. In the Asia 

region, the cyclical use of end-of-life products and materials (recyclable 
resources) exported from Japan is increasing on an international scale. 

In the course of the promotion of a core research project, “Establishing 
appropriate management networks and technological systems to support 
sound international material cycles,” the actual states of international material 
cycles and the environmental impacts associated with them will be studied. 
Concurrently with the development of evaluation techniques such as indices, 
other countries’ policies and socio-economic statuses will be surveyed 
and factors affecting international material cycles and problems will 

be analyzed. Then, an appropriate management network for the 
Asia region will be designed and policy options proposed in 

cooperation with experts from other countries.

Recycling and Disposal 
Engineering Section

This section will promote research activity with emphasis 
on technology for the proper treatment and disposal of waste, 

recycling technology as an elemental technology contributing 
to material cycles, and technology to recover energy and valuable 

materials. It will play a central role in a core research project, “Developing 
win-win resource-recycling technology for waste biomass,” and undertake 

the development, design, and demonstration of a technology and system that 
permit effi cient recovery of energy and valuable materials from waste biomass. 
Further, it will evaluate disposal facilities ensuring environmental security and 
conduct studies on fi nal disposal systems to control the quality of waste 
for landfi ll disposal so that we may establish safe, reassuring, appropriate 
waste treatment and disposal technology to support a sound material-
cycle society. In addition, it will study and develop novel, fundamental 

technology foreseeing the future.

Waste-testing and 
Assessment Section 

This section develops and applies the analytical techniques 
necessary for studying hazardous chemicals or valuable 

substances contained in products, recyclable resources, wastes, and 
recycled products and the behaviors of hazardous chemicals produced 

in the process of material cycles. To achieve these goals, this section will 
focus on the integration of testing, assessment and monitoring techniques 

as research activities such as appropriate pretreatment methods for various 
types of samples before high-sensitivity instrumental analyses, analytical 
quality control of bioassays offi cially adopted as dioxin-screening methods, 
the development of analytical procedures for waste products comprising 
composite materials, the development and application of simplifi ed test 
methods suitable for routine analyses, the harmonization of testing 
methods for soils, waste and recycled products considering various 

countries’ standardized testing methods.

Bio-Eco Engineering 
Section

This section will conduct studies on measures for liquid 
and organic waste refl ecting considerations for material cycles 

and proper disposal. It will play an active roles in core research 
projects, “Developing win-win resource-recycling technology system 

for waste biomass” and “Establishing appropriate management networks 
and technological systems to support sound international material cycles,” 
as well as “Integration of proper waste treatment technology for liquid 
and organic waste” promoted as research activity to ensure adequate 
waste management practices. It will propose environmental low-load-type 
technology systems, etc. through technology development for the recycling 
of, energy recovery from, and proper disposal of biomass contained in 
waste such as domestic waste water and raw garbage, promoting 

research activity with objectives to contribute to waste management 
policies both in Japan and overseas.
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近未来の資源循環システムと政策・マネジメント手法の設計・評価

　循環型社会の形成に向けた将来ビ
ジョンとその実現のための転換シナリオ、
具体的な道筋づくりが、国、地方等の
様々な地域レベルで、また、市民、行政、
産業等の様々な主体レベルで必要とさ
れています。そこで本研究プロジェクトで
は、10～ 20年後の近未来の循環型社
会における技術システム・社会経済シス
テムのビジョンを描き、戦略的な目標設
定に基づく転換シナリオと具体的な道筋
を提示することを目的とした研究に取り
組みます。
　本研究プロジェクトは三つのサブテー
マで構成しています。

　物質フローモデルに基づく
　資源利用・廃棄物等発生の将来予測と
　近未来ビジョンへの転換シナリオ評価
　近未来における産業構造や人口ピラ
ミッド、ライフスタイル等の変化やエネル
ギー、産業、医療、廃棄物等に関わる政
策の動向を考慮し、これらの社会条件の
変化が物質フローに及ぼす影響を表現
する物質フローモデルを構築します。そし
て、このモデルを用いて近未来の資源利
用や廃棄物等発生について予測・評価し、
循環型社会に向けた戦略的な目標設定
を行います。また、他のサブテーマで設計

する技術システムや政策などの近未来
ビジョンとそれへの転換シナリオの効果
を、このモデル等を用いて推計・評価し
ます。以上により、転換シナリオ毎の目標
の達成可能性や課題が提示され、近未
来ビジョンに向けた政策の方向性を示
唆する成果を提示できると考えています。

　近未来の循環型社会における
　技術システムの設計と評価
　近未来において問題になると考えられ
るバイオマスや枯渇性の金属資源を含
む廃棄物などを対象として、様々な空間
スケールをもつ地域特性に応じた資源
循環技術システムの設計と評価を行いま
す。評価手法としては、ライフサイクルア
セスメント（LCA）／ライフサイクルコスト
分析（LCC）等を用いて、環境負荷とコス
トについて評価を行います。一方、個別リ
サイクル法等の下で今後の見直しが必
要とされている容器包装プラスチックや
家電、各種情報機器などの３R技術シス
テムの評価を行います。以上により、近未
来の資源循環技術システムのビジョンを
提示する予定です。

　循環型社会の形成に資する
　政策手法・マネジメント手法の
　設計・開発と評価
　循環型社会の理念や設定された目標
などを考慮し、廃棄物・リサイクルに関
わる政策手法・マネジメント手法などの
設計・開発と有効性評価を行います。具
体的には、国と自治体において循環型社
会の進捗度を計測し、循環・廃棄物計
画の策定やそのマネジメントを支援する
ための指標体系の設計や廃棄物環境会
計手法の開発を行います。また、統合的
循環・廃棄物政策に向けて、物質フロー
の適正化、拡大生産者責任（EPR）など
の責任・役割分担、経済的インセンティ
ブ付与、他制度の比較といった視点で個
別リサイクル法などの制度の効果ならび

に有効性を評価します。以上により、国に
よる次期循環基本計画や自治体による
循環施策・施設整備計画策定、今後の
望ましい廃棄物・リサイクル法制度の方
向性提示に貢献できると考えています。
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Core research project 1
Designing and evaluating material cycle systems and policy/management techniques for 
the near future 

A future vision and associated conversion 
scenarios and specifi c road maps to realize 
the transformation into a sound material-cycle 
society are needed at various administrative 
unit levels such as national and local level as 
well as at various subject levels such as citizens, 
administrative authorities and industry. For 
this reason, this research project envisages 
technology and socio-economic systems in 
a sound material-cycle society 10-20 years in 
the future and promotes research activity with 
the objective of providing conversion scenarios 
and specifi c road maps based on strategically 
determined targets.
This research project comprises three sub-
themes.

Projecting resource utilization 
and waste generation based 
on a material fl ow model and 
evaluating conversion scenarios 
to realize near-future visions

With the anticipated industrial structure, 
population pyramid, changes in people’s 
lifestyles, and trends in policies relating to 
energy, industry, medical services and waste in 
the near future taken into consideration, we will 
develop a material fl ow model to express the 
effect of these social factors on material fl ows. 
Using this model, we will project and evaluate 
resource utilization and waste generation 
anticipated in the near future and determine 

strategic targets for the transformation into a 
sound material-cycle society. Using this model, 
etc., we will estimate and evaluate the effect 
of shifting to technology systems and policies 
in the near-future visions and associated 
conversion scenarios designed under other 
sub-themes. Through such processes, we 
may show the feasibility of achieving targets 
and anticipated problems in each conversion 
scenario and produce the outputs that indicate 
the directions of policies to be taken for 
progress toward near-future visions.

Designing and evaluating 
technology systems in a sound 
material-cycle society in the 
near future

We will design and evaluate material cycle 
technology systems sized to different spatial 
scales to cover biomass and depleting metal 
resources, which are expected to become an 
issue in the near future. We will employ life 
cycle assessment (LCA), life cycle cost analysis 
(LCC), and other assessment techniques to 
evaluate environmental loads and cost. In the 
meantime, we will review 3R technologies for 
plastics used in packaging and containers, home 
electric appliances and various information 
apparatus, which are subject to review under 
the respective recycling promotion laws. 
Through this activity, we are planning to 
propose near-future material cycle technology 
system visions.

Designing, developing and 
evaluating policy/management 
techniques to contribute to the 
transformation into a sound 
material-cycle society

With the ideas of a sound material-cycle 
society and the established objectives taken 
into consideration, we will design, develop 
and assess the validity of policy/management 
techniques concerning 3Rs. More specifi cally, 
we will design an index system and develop 
environmental accounting techniques in waste 
management to facilitate the national and local 
governments to measure progress made in the 
transformation into a sound material-cycle 
society, formulate material cycle- and waste 
management- related plans and implement 
their management practices. Further, we will 
evaluate the effect and validity of respective 
recycling promotion laws from such viewpoints 

as the optimization of material fl ows, extended 
producer responsibility (EPR), burden sharing, 
the provision of economic incentives and 
comparison with other systems for further 
integration of material cycle and waste 
management policies. Through this activity, we 
believe that we will be able to contribute to 
the national government’s next basic plan for 
establishment of a sound material-cycle society, 
the formulation of material-cycle and waste 
management plans by local governments, 
and the indication of a direction for desirable 
waste management- and recycling-related law 
systems. 



　多種多様な化学物質から構成される
製品は、使用された後に資源として再利
用されるか、廃棄物として処理・処分さ
れますが、循環型社会では、できる限り廃
棄物を減らしたうえで、廃棄物を循環資
源として再利用／再生利用することが求
められています。その実現のためには、
有害物質を含む製品（廃棄物）の不適切
な再利用やリサイクル過程での新たな環
境汚染も極力回避しなければなりません。
そのため各種廃棄物について、再生・再
利用可能か、あるいは循環利用に適切か
どうかを見極める必要があります。また
循環過程での安全性確認を行いながら、
資源を有効に循環利用するための研究
も重要です。本研究プロジェクトでは、資
源の循環利用や廃棄物の処理・処分が
適切に行われるよう、物質の利用・廃棄・
循環過程における挙動、環境へのリスク、
資源価値を明らかにし、リサイクルの促
進や製品に含まれる有害物質の規制、有
用な資源の回収などの施策を実施する
効果について、資源性・有害性の両面か
ら科学的に評価します。特に、個別リサイ
クル法や国際資源循環で注目される主
要な物質群を対象とし、以下の３テーマ
を中心に研究を進めます。

　プラスチックリサイクル・廃棄過程に
　おける化学物質管理方策の検討
　プラスチック製品に含まれる臭素系難
燃剤、添加剤など本来有用物質として使
用される化学物質の有害性にも着目し、
そのプロセス挙動と制御方策を明らかに
し、代替物質との得失評価を行います。
また、対象物質についての分析法を確立
し、物性、毒性評価などの基礎研究と実
際の調査に基づいて、制御、管理すべき
リスクについて見極めます。そして、ライ
フサイクル的視点等も考慮して、物質の
有用性と有害性の両面からみた有効性
のある物質管理方策を提案します。

　資源性・有害性を有する金属類の
　リサイクル・廃棄過程の
　管理方策の検討
　有害性金属の環境排出量や資源性金
属の回収可能性を定量化し、廃棄物から
の金属回収方策を提示します。複合素
材・製品中の金属量把握に必要な分析
方法を確立し、素材・製品中の存在量
情報を集積し、廃棄物過程を含む金属類
の詳細な物質フローを作成します。また、
有害性金属のリサイクル・廃棄過程に
おける環境排出とその低減方策や再生
製品の品質への影響などを確認し、リサ
イクル適合性の判断情報を提示します。
資源性金属に対しては、自動車、電子電
気機器類、ＯＡ機器、電池、基板、触媒等
の素材・製品毎に資源回収性を検討し、
コスト比較を行います。これらにより金属
類の資源回収率の増加及び有害性低減
の両立を目指した管理方策を提示します。

　再生製品の
　環境安全品質管理手法の確立
　廃棄物からつくられた再生製品の安
全品質管理試験方法を規格として提案
するとともに、安全品質レベルの設定手
法を確立し、ガイドライン化を行います。
対象としては、特に量的に多い建設資材
系再生製品に着目し、使用時における水
系汚染事象を想定して研究を進めます。
具体的には、再生製品の水系汚染による
リスクを表す数種類の特性評価試験を
確立・規格化し、さらに、汚染物質の発
生・移動に関する数値モデルを組み合
わせることにより、リスクの大きさに基づ
いた評価の枠組みを構築します。さらに
現場スケールの実証実験を行って、評価
方法の有効性を確認の上、安全品質レ
ベル設定手法のガイドラインを提示しま
す。

中核研究プロジェクト2

資源性・有害性をもつ物質の循環管理方策の立案と評価
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Core research project 2

Management of hazardous and valuable substances in life cycles of materials and products

A product consisting of diverse chemical 
substances is recycled as resources or processed/
disposed of as waste at the end of its life. In a 
sound material-cycle society, we need to reduce 
waste generation as much as possible and on 
top of this, recycle/reuse waste as recycled 
materials. To realize such a society, we must avoid 
additional pollution risks from the inadequate 
reuse of or the process of recycling products 
(waste) containing hazardous substances as far 
as possible. For this reason, it is necessary to 
identify whether each type of waste is reusable, 
recyclable, or suitable for recycling use. In the 
meantime, research on recycling and utilizing 
resources effectively, while ensuring their safety 
in the recycling processes, is also important. 
This research project will investigate substances’ 
behaviors, environmental risks and values 
as resources in their utilization, disposal and 
recycling processes and scientifi cally evaluate 
the effect of implementing measures to promote 
recycling, regulate hazardous substances, and 
recover valuable materials from both value and 
hazard points of view so that the recycling use 
of resources and the treatment and disposal of 
waste may be properly undertaken in society. 
More specifi cally, the project will focus on 
the following three themes, targeting major 
substance groups of interest under the domestic 
recycling promotion laws or from international 
material cycles.

Study on chemical management 
measures for plastics 

Taking note of the hazard of chemical 
substances employed for their usefulness 
such as brominated fl ame retardants and 
other additives contained in plastic products, 
we will investigate their process behaviors 
and control measures, and evaluate their 
advantages/disadvantages compared with 
their substitutions. Further, we will establish 
analytical methods for target substances and try 
to identify the risks that must be controlled or 
managed based on basic researches including 
toxicity evaluation and fi eld surveys. Then, we 
will propose substance management measures 
effective in both useful and hazardous aspects 
of substances through their life cycles.

Study of management 
measures for valuable and 
hazardous metal recycling 
and disposal processes

We will propose methods of recovering 
metals from waste by quantifying hazardous 
metals released into the environment and the 
feasibility of valuable metal recovery. We will 
establish the analytical methods for products, 
accumulate information on metal contents, 
and also develop the detailed material fl ows 
of metals. For hazardous metals, we will check 
environmental release, methods for reduction 
and the quality of recycled products in their 
recycling or disposal processes. For valuable 
metals, the feasibility and cost performance for 
recovery will be studied for each material and 
product such as cars, electronic and electric 
appliances, OA machines, batteries, printed 
circuit boards, and catalysts. Through these 
studies, we will propose management methods 
to achieve both increasing recovery rates and 
decreasing risks for metals.

Establishing control method 
on environmental safety 
quality for recycled products

We will establish determination methods on 
environmental safety quality level and organize 
them as guidelines, by proposing safety quality 
control methods and standard test methods for 
recycled products originated from waste. This 
research activity will specifi cally address recycled 
products for construction materials, which are 
used in particularly large quantities. We will 
promote this research with water pollution 
events as our major concerns. More specifi cally, 
we will establish and standardize several types 
of leaching tests depicting water pollution 
risks and develop assessment frameworks by 
combining leaching test results and numerical 
models representing pollutant generation and 
transfer. Further, we will propose guidelines on 
determination methods for safety quality level. 
Validity of the frameworks and determination 
methods is checked through environment-
simulation experiments. 
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Development and evaluation of 
phosphorus recovery, recycling 
technology of an energy 
conserving, cost saving and 
maintenance-free  type tailored 
to local conditions

Construction of bio-plastics 
production/feed conversion 
system from food waste using a 
lactic acid fermentation 
process
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Core research project 3

Developing win-win resource-recycling technology for waste biomass

Technology has played a signifi cant role in 
waste treatment, disposal and recycling and 
will play an increasingly important role in 
the construction of a sound material-cycle 
society or development as a science and 
technology based nation. There is, however, 
a growing need for a technology that helps 
promote material cycles and contributes to 
the prevention of imminent global warming. 
For this reason, this core research project aims 
at developing a material cycle technology 
that can make a win-win-type contribution to 
both waste management and global warming 
prevention, focusing on waste biomass, which 
accounts for a large portion of waste and is still 
underused in most cases. 
Specifi c targets of this project include a 
technology system to recover potential fuel 
materials as a source of energy, a technology 
system to recover and utilize useful materials, 
and material cycle systems permitting fuller 
exploitation of upper-stream distributing 
(artery) systems. They constitute three sub-
themes; the fi rst and second are to develop 
elemental technologies, and the third is 
primarily to develop a system.

Recycled energy utilization 
technology system

We will promote research by grouping waste 
biomass into low-moisture-content biomass 
and high-moisture-content biomass. 
Mainly targeting low-moisture-content 
waste biomass, we will develop a technology 
system to ensure the satisfactory operation 
of a pyrolysis gasifi cation -gas -reforming 
process at low temperature as an elemental 
technology for a regional-level recycled energy 
utilization system. With this technology, useful 
gas elements constituting sources of energy 
such as hydrogen, carbon monoxide and 
methane will be generated and utilized in 
power generation systems including fuel cell 
systems, and in this way, the achievement of 
both proper waste disposal and contribution 
to global warming prevention (win-win-type 
application) will be targeted. Apart from gas 
production, we will also promote research to 
develop highly effi cient, energy conservation, 
resource conservation methods for both 
fuel conversion technology and separation/
refi ning technology in connection with liquid 
fuel (biofuel) production. Further, we will aim 
at constructing a recycling system based on 
biofuel through demonstration tests of the 
developed technologies.
On the other hand, for high-moisture-content 
biomass such as raw garbage and livestock 
waste, we will develop optimal elemental 
technologies for microorganism-induced 
reaction applied-type, hydrogen and methane 
fermentation systems and associated advanced 
water treatment systems with a view to 
applying such systems at regional level. We 
will work out criteria to accept biomass in a 
fermentation process, determine fermentation 
process operation conditions and a recycling 
manual, and develop a carbon recycling-type 
system refl ecting considerations for economic 
viability, life cycle assessment, etc. Through this 
activity, we aim at promoting the construction 
of a regional recycling network.

Material recovery and 
utilization technology system

We will promote research, focusing on two 
major themes. 
One is the R&D of a new technology system 
to deal with food waste and to recycle 
waste biomass for utilization as feed and 
biodegradable plastics (zero-emission system 
involving cascade-type C, N, P element 
utilization) by further improving conventional 
recycling technology such as biomass 
conversion into compost, biogas or charcoal. 
More specifi cally, we will use raw garbage 
generated from businesses for lactic acid 
fermentation using specifi c lactobacilli and 
develop a technology to recover L-lactic acid 
from fi ltrate and various biodegradable plastics 
products and a technology to totally convert 
residues to feed for their utilization in poultry 
production, etc. After feed quality and its effect 
on fowl are assessed in actual feeding tests, a 
model farm demonstration experiment will 
be conducted for development as a business 
model.
The other is R&D to design and develop an 
optimum system to deal with phosphorus 
resources contained in liquid organic waste by 
combining the development of a phosphorus 
recovery/recycling technology system using 
the adsorption dephosphorization method, 
iron electrolytic dephosphorization, or the like 
with a sludge compaction process, etc. We 
will conduct research especially to develop a 
comprehensive technology system based on 
characteristics analyses made in a distributed-
type system model area by establishing quality 
control measures refl ecting considerations for 
the scale of operations; liquid waste properties; 
the distribution, marketability and utilization 
characteristics of recovered phosphorus; and 
so on with the objective to achieve further 
integration, effi ciency improvement and 
downsizing of the target system and put 
a recovery-refi ning technology system to 
practical use.

Combined production (artery)/waste processing (vein) systems, 
integrated material cycle system

In adding waste biomass to material cycles as 
a new fossil fuel substitution, we will promote 
research to design and demonstrate a combined 
production (artery)/waste processing (vein) 
system in major production (artery) systems 
such as the steel, cement, power and other 
basic material and energy industries, which 
have accepted copious waste and by-products 
from industries and played an essential role in an 

integrated material/energy cycle systems. More 
specifi cally, we will design a rational system 
matching local conditions by identifying the 
quantity of biomass available in the area. We 
will also conduct research on the development 
of conversion technology using hydro-thermal 
reaction, etc., the elucidation of behavior of 
interfering substances coming from the input 
waste in material production processes, the 

establishment of control conditions against 
them, etc. We will include in our research 
targets outcomes from the aforementioned 
elemental technology development as well as a 
feasibility study for commercialization by fi nally 
conducting system design and demonstration 
projects in a model area. 
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Sorted collection

Raw garbage

Mechanical
separation

Proper landfill disposal
technology

Recycling to garden
and farming land

Human waste, household
and industrial liquid waste

Bio-Eco Engineering 

Advanced treatment Johkasou

Plantation, soil purification technology

BottlesCans

Core research project 4
Establishing appropriate management networks and technological systems to support 
sound international material cycles

On the increase in recent years are cases in which 
end-of-life products and materials regarded as 
waste in Japan are utilized as resources in other 
countries in the Asia region, and recyclable 
resources traded internationally are increasing 
in quantity. In the meantime, waste generation 
in Asian countries is also increasing with their 
economic growth, including residues after the 
utilization of recyclable materials.
In this research project, we will analyze 
international material cycle systems together 
with understanding of the actual states of 
material cycles and waste disposal in Asian 
countries consisting mostly of developing 
countries so that we may make our contribution 
to the promotion of sound material cycles 
in the Asia region. Further, we will develop 
and evaluate technology systems suitable for 
developing countries to achieve both proper 
waste disposal and global warming prevention 
as a measure from a technical aspect. We 
will construct an appropriate management 
network and technology systems to promote 
sound material cycles in the Asia region by 
combining the above-mentioned measures. 
For example, we may develop an international 
material cycle evaluation technique refl ecting 
the actual states of international material 

cycles and environmental impacts, propose 
low environmental impact technology systems 
for several cities in Asia and a method to 
commercialize a clean development mechanism 
(CDM).
This research project comprises the following 
three sub-themes.

Designing and evaluating 
an appropriate management 
network through the analysis 
and the development of 
evaluation technique of material 
cycle systems in the Asia region

We will perform a comprehensive analysis 
including background factors while clarifying 
the actual states of international material cycles. 
With three aspects, pollution risks, resource 
potential and economy, in mind, we will develop 
a method to evaluate international material 
cycles. More specifi cally, we will identify the 
current and potential environmental impacts 
caused by or in connection with material cycles 
and develop a method to evaluate international 
material cycles including index representations 
of environmental impacts, while making an 
analysis of related factors such as regulation, 
supply-demand and cost, so that we may 
promote proper international material cycles. 
We will design and evaluate a network for 
appropriate material cycle management in the 
Asia region and fi nally propose related policy 
options.

Identifying environmental 
impacts caused in the process 
of recycling in Asian countries

We will endeavor to identify the states 
of pollution caused by persistent organic 
pollutants (POPs) and inorganic pollutants 
such as mercury in the process of recycling and 
using E-waste (waste electronic and electric 
equipment). Through fi eld surveys and joint 
research efforts with local researchers, we will 
examine methods of collecting soil and other 
samples, testing and analyzing them, and 
evaluating toxicity and monitoring and study 
survey methods suitable for understanding 
of environmental impacts in Asian countries. 
Through this activity, we will grasp outlines of 
environmental impacts caused by material cycles 
and utilize the fi ndings for the development 
of emission factors (inventory) and the 
examination of possible countermeasures. 

Developing and evaluating a 
technology system to achieve 
both appropriate waste disposal 
and global warming prevention 
in developing countries

As technical measures for solid waste 
management, we will propose several  schemes 
tailored to local situations to introduce a 
collection system with a separation at the 
source and supplemental technologies such as 
mechanical sorting and biological treatment in 
order to avoid the disposal of organic materials 
and hazardous substances to landfi ll. Further, 
we will integrate methods to monitor and 
estimate greenhouse gas emissions from waste 
landfi ll sites and design a model to estimate 
the effect of introducing improved practices 
and technologies such as waste sorting and 
collection, the biological treatment and the 

semi-aerobic landfi ll, etc. for the project design 
of a CDM.
As for technical measures to deal with liquid 
waste, we will take note of differences in the 
properties of sewage and unused biomass from 
those observed in Japan and the insuffi cient 
development of recycling systems especially in 
China. Then, we will design and develop a Bio-
Eco system suitable for developing countries 
considering material cycles for liquid waste 
and evaluate the feasibility of its application 
to local conditions. Through this activity, we 
will establish a technology system to achieve 
both greenhouse gas reduction and recycling 
of sludge and biomass such as residual plant 
bodies resulting from the integration of sewage 
treatment and processing and put incentive 
policies in place to propagate such a system.



　循環型社会に対応した
　安全・安心な
　適正処理・処分技術の確立
　私たちが循環型社会を築き上げるた
めには、3Rの実行は欠かせません。しか
し、安全と安心を得られるように廃棄物
を処理・処分するということも忘れては
なりません。
　日本で家庭などから排出されるごみの
80% は世界に誇れる高度な熱的処理技
術（発電設備を付帯した焼却やガス化溶
融など）で処理されています。これら処理
施設が、運転時の安全性、環境負荷量、
回収資源の品質、経済性などの観点か
ら十分な性能を発揮できるよう、維持管
理手法を開発することが本研究テーマの
１つの目標です。
　一方、どんなに 3R を推進したとして
も廃棄物はなくなりません。最後に残っ

た廃棄物は埋立処分をしなければなりま
せん。最終処分のあり方を「土に戻る、ま
たは土にできるごみだけを最後に埋め
る」に改め、これを実現する技術システム
を構築することがもう１つの目標です。
私たちは以上の前提に立って、新しい３
つの最終処分場の類型を考えます。

①備蓄型：大量に廃棄され、その時点
では価値が低い循環資源を安全に保
管する埋立地
②土地造成型：土砂に近い廃棄物を埋
め早期に制限のない跡地利用を行う
ことができる埋立地
③安定化促進型：一定期間後の跡地利
用のため安定化を促進する技術を導
入した埋立地　

　試験評価・モニタリング手法の
　高度化・体系化
　私たちの社会では、生活を豊かにする
ために多種・多様な化学物質が開発され、
使用されてきました。これらの化学物質
は製品として使用された後に循環資源と
して再利用されるか、あるいは廃棄物と
して処理されます。循環型社会では、廃
棄物を減らし、循環資源として再利用す
ることが求められていますが、それに伴う
有害物質は管理されねばなりません。有
害物質の管理・制御を目標とした重点的
な研究テーマ（中核研究プロジェクト２）
と共に、次のような有害物質の試験評
価・モニタリング法に関する基盤的な研
究を行います。

①残留性汚染物質(POPs)として今後
留意すべき物質の挙動把握

②資源化や廃棄物処理の過程、再生品
の安全性を日常的にモニタリングする
ための簡易試験法の開発、
③バイオアッセイによるダイオキシン類
縁化合物の簡易測定と包括評価

　このような研究を通じて、使用場面に
応じて有害な物質を的確に判別するた
めの試験評価法を提示します。

　廃棄物の不適正管理に伴う
　負の遺産対策
　過去に使用された化学物質でこれま
で適切に処理されなかったもの（廃ポリ
塩化ビフェニル（廃PCB）や埋設農薬）、
あるいは法律や科学的な知見が十分で
なかった時代に造成された処分場（不適
正処分場）などのいわゆる「負の遺産」
は、安心・安全な廃棄物管理を実現する
上で一日も早く適正な処理を行うことが
求められています。
　本研究テーマでは、①すでに始まりつ
つある廃PCB処理事業フォローアップ、
②廃農薬の適正処理のための調査、③
環境リスクを踏まえた不適正処分場の汚
染修復プログラムを設計する手法の開
発、などの研究を通じて、負の遺産の「清
算」を支援します。

　廃棄物を上記類型に適う品質とする
ため、有害物質などの含有量で廃棄物を
分類し必要な処理技術を選択する検査
と情報管理システム、多様で分散した発
生源から同種の廃棄物を集める物流（ロ
ジスティクス）計画法、さらに、破砕・選
別等の高度な埋立前処理技術の開発を
行います。また、処分場自体が安全と安心
を得るための立地選定、構造、監視、浸
出水処理、品質管理等の最終処分技術
体系の開発と、基本となる廃棄物の安定
化メカニズムの解明を行います。
　以上の技術システムを築き、制度に反
映させ、社会の安全と安心を築くことへ
の貢献が私たちの使命です。

廃棄物管理の着実な実践のための調査・研究
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Waste 
generationSound material-cycle 

oriented society

Storage type

Earth, soil and the like

Land reclamation type Stabilization accelerating type

Thermal treatment

Hazardous substances Organic substances

Mainly mixed wasteMainly mixed waste

Not reusable or recyclable

Residues from reused
or recycled waste

Advanced mechanical
crushing/screening

Heavy metals and
construction waste

Plastics, etc.

Sustainable final disposal
technology systems

Waste identification/
technology selection system

Collection/
transportation logistics

By identifying the quality of
waste to select necessary 
treatment before landfill

Optimizing incineration, 
gasification melting performance

Those need time before 
turning into soil

Improve the quality of waste
directed to landfill

Transport waste to chosen
treatment or disposal sites efficiently

Recycling processRecycling process Waste disposal processWaste disposal process

Negative legacies

Recycled
materials

Thermal treatment
facilities

Waste PCB Buried pesticides

improper disposal site

Hazardous
substances

Waste PCB
decomposing plants

controlled
disposal site

Waste

Development of a remediation program
for improper disposal sites

Surveys and research to
promote adequate treatment

Elucidating the behaviors of candidate persistent
organic pollutants (POPs candidates)

in recycling and waste disposal processes

Easy measurement and
comprehensive assessment of
dioxins’ analogs with bio-assays

Developing monitoring methods to ensure
adequate recycling and
waste disposal processes

Research activity to ensure appropriate 
waste management practices

Establishment of safe, 
reassurance, and appropriate 
waste treatment and disposal 
technology to support a 
sound material-cycle society

It is imperative to implement the 3Rs for us 
to establish a sound material-cycle society. 
On the other hand, we cannot obtain safety 
and reassurance without treating/disposing of 
waste appropriately.
In Japan, we treat of more than 80% of the 
municipal solid waste with advanced thermal 
treatment technologies (incineration with 
power generation or gasifi cation and pyrolysis 
system) of which we can boast to the rest 
of the world. One of themes covered in this 
reach activity is to develop maintenance 
and management technologies to ensure 
satisfactory performance of these treatment 
facilities from several viewpoints including 
operation safety, environmental loads, 
recovered material quality and economy.
In the meantime, we cannot reduce waste to 

nil however hard we may promote the 3Rs. 
Waste left after all such efforts needs to be 
disposed to landfi ll. Another objective of this 
research activity is to establish a technology 
system to realize the ultimate concept of 
fi nal disposal: “Only waste that turns into or 
can be transformed into soil should fi nally be 
buried.”
Considering the above as the premise of our 
research, we have fi gured out three new types 
of fi nal disposal sites.

1. Storage type: landfi ll site that will safely 
accommodate recyclable resources that are 
generated in large quantities but that are 
not valuable enough to justify immediate 
recovery at the time 

2. Land reclamation type: landfi ll site that 
will permit unrestricted post-landfi ll use in 
a short time by accepting only inert waste 
whose quality is close to earth or soil

3. Stabilization accelerating type: landfi ll site 
that employs technologies to accelerate 
stabilization to ensure post-landfi ll use after 
a specifi ed time period

We will develop a technology system which 
makes waste to be a quality suitable for the 
above mentioned landfi ll types. This system 
is consist of inspection and information 
management system to sort waste according 
to hazardous and degradable substance 
content and select treatment technologies 
required for them; a logistics design method to 
collect similar waste from diverse, distributed 
sources; and advanced pre-landfi ll technologies 
such as crushing and screening. We will 
also develop a technology system covering 
site selection, landfi ll structure, monitoring, 
leachate management, and quality control of 
construction and management to ensure fi nal 
disposal site safety and reassurance. We will 
study about waste stabilization mechanisms, 
which provide the basis of such technology 
development.
We consider that our mission is to develop the 
above-mentioned technology systems, refl ect 
them in the institutional system, and contribute 
to the establishment of a safe and reassurance 
society.

Integration of testing, 
assessment and monitoring 
techniques

In our society, wide variety of chemical 
substances have been produced and used 
to make our lives affl uent. These chemical 
substances in products are either recycled as 
resources or disposed of as waste at the end 
of their lives. In a sound material-cycle society, 
we need to recycle resources originated from 
wastes, and for that purpose hazardous 
substances must be controlled adequately, too. 
We will promote the following fundamental 
research concerning the testing, assessment 
and monitoring of hazardous substances in 
concert with the priority program aiming 
at managing and controlling hazardous 
substances (core research project 2).

1. Understanding the behaviors of candidate 
persistent organic pollutants (POPs)

2. Developing simplifi ed routine testing 
methods for checking safety of recycling and 
disposal processes and recycled product

3. Developing simplifi ed measurement and 
comprehensive assessment of dioxins-like 
compounds by bio-assay test

Through this research, we will propose 
testing and assessment methods for checking 
hazardous substances in each life cycle stage of 
chemicals in products.

Measures against negative 
legacies caused by inadequate 
waste management

So-called negative legacies, which include 
chemical substances that were used in the past 
and that have not been treated adequately 
(waste polychlorinated biphenyl (waste PCB) 
and buried pesticides), and the disposal sites 
that were constructed in periods of insuffi cient 
regulation or scientifi c knowledge (improper 
disposal sites) are imminent threats to sound 
material-cycle society and require prompt 
remedies.
We will back up to clear negative legacies 
through the following research: (1) follow-ups 
of waste PCB treatment projects operating now; 
(2) surveys to ensure appropriate treatment of 
waste pesticides; and (3) development of design 
for a program to remediate contamination of 
improper disposal sites taking into consideration 
for environmental risks.
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1FSolar energy
utilization

Air sphere
sub-media

Developing a system to 
reduce CH4/N2O emissions

Raw garbage, household, industrial
and business liquid waste

Plant use

Aqueous sphere
sub-media

Food (material cycle)

Preventing red and green tide

(Water cycle)

Preventing nitric acid
contamination of
groundwater/
Culturing safe
ground water

Food (material cycle)

Residual sludge, raw garbage
(material cycle)

Liquid waste
from cattle sheds

Soil sphere
sub-media

Groundwater
sphere sub-media

Recycled biomass returned to farming land

Feed (material cycle)

Compost
(material cycle)

Developing a system 
for material cycle-type 
clean energy conversion

Water cycle
Securing sufficient 
water quantities to 
maintain river flows

Dephosphorization

Circulation

AerobicAnaerobic

Control of toxic  
blue-green algae

Thoroughly
treated water
(water cycle)

Eco engineering
Developing nitrogen/
phosphorus collection 
and recycling systems

Developing phosphorus 
collection and recycling 
systems

Bio engineering

Tap water
(water cycle)

Feed
(material cycle)

Developing recyclable collection
and recycling systems for residual
sludge, raw garbage, plant residues

Developing nitrogen, phosphorus and other
element collection and recycling systems
employing aquatic plant purification methods,
planting and soil purification methods, etc.
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Research activity to ensure appropriate 
waste management practices

Integration of proper waste 
treatment technology for 
liquid and organic waste

In promoting the construction of a sound 
material-cycle society, it is imperative to give 
thorough, proper treatment to all liquid, 
organic waste generated from people’s 
lives and industrial activities and minimize 
contamination loads on the environment to 
the extent possible.
For this reason, we will undertake research 
activity to establish effi cient, thorough 
treatment methods to deal with liquid, 
organic waste such as sludge resulting 
from household and industrial liquid waste 
treatment processes. Specifi cally targeting raw 

sewage, household and disposer liquid waste, 
we will conduct research on system conversion 
technology to convert existing single/combined 
treatment Johkasou to advanced systems 
capitalizing on higher-performance treatment 
technology, better maintainability, and reduced 
infectious microorganism risks and technology 
development for advanced-treatment 
Johkasou. Taking advantage of joint research 
programs promoted with universities, publicly 
run local testing and research organs, and 
private businesses on an industry-government-
university cooperation basis, we will conduct 
analysis and assessment using lab-scale 
and actual treatment plants to understand 
bio engineering such as Johkasou, etc., 
eco engineering concerning aquatic plant-
soil purifi cation technology, raw garbage-

recycling systems, and so on including removal 
mechanisms and impacts on the ecosystem from 
explosive blue-green algae growth in treated 
water, etc. Further, we will develop adequate 
methods to evaluate the performance of such 
treatment systems with molecular biological 
analysis and microorganism risks taken into 
consideration and methods to evaluate the 
environmental improvement effect in the 
reduction of greenhouse gas emissions and 
the addition of nutrient salt removal functions. 
We will promote this research program in a 
bid to establish liquid, organic waste-recycling 
technology systems and technology/assessment 
manuals tailored to regional characteristics.

Promotion of fundamental research
We will develop the evaluation methods of the 
technology for treatment of waste asbestos to 
be harmless and provide scientifi c information 
for the adequate treatment and disposal 
of waste asbestos. Further, we will develop 
innovative technologies to recover useful 
materials such as rare resources contained 

in waste with a view to supporting a future 
sound material-cycle society. In addition, we 
will develop technological databases such as 
categorization of developing technologies 
and necessitate need in the material cycle and 
waste disposal processes and other databases 
covering material (product) fl ows including 

waste disposal and recycling stream, the 
chemical composition of recycling organic 
materials and recycled products such as slag in 
order to open to the public. 

Introduction of Research Laboratories of 
Material Cycles and Waste Management

Resource-recycling plants

This laboratory is used for the development 
and assessment of technologies and systems to 
recover resources from wastes. It is equipped 
with a lactic acid fermentation and product 
recovery plant to develop the technology for 
recovering valuable substances (such as lactic 
acid used as a source material for fermented 
feed and biodegradable plastics production) 
from raw garbage without emissions. The 
laboratory also has an ammonia absorption 
and recovery system to develop the technology 

for recovering ammonia using magnesium 
ammonium phosphate (MAP) from high 
nitrogen content liquid waste such as from a 
methane fermentation bio gasifi cation plant, 
etc. We are studying elemental technologies, 
processes and operation conditions necessary 
for recovering resources from waste or recycling 
in a bid to commercialize or further integrate 
waste-recycling technologies and systems.

Thermal treatment plant
This room is for the assessment of 
material behaviors (gasifi cation, volatilization, 
decomposition, chemical reaction, condensation, 
removal, etc.) in the process of thermal 
treatment (incineration) of waste. It is equipped 
with a kiln type main combustor which can 
observe the combustion process and secondary 
combustion chambers with variable residence 
time, as well as various devices for fl ue gas 
treatment, such as removal of acid gas using 
slaked lime or other chemicals, dust removal 
using fabric fi lter, and absorption and removal 
of hazardous substances using activated 
carbon layer. We are conducting combustion 
experiments using different kinds of waste 
under conditions (e.g. oxidation and reduction) 
to clarify chemical substances behaviors in 
thermal and fl ue gas treatment processes.
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1F 2F
Introduction of Research Laboratories of 

Material Cycles and Waste Management

Landfi ll simulation plants

This laboratory is used for clarifying the 
behavior of various substances in landfi ll 
conditions, assessing safety and stabilization, 
and developing technologies and systems for 
landfi lls. It is equipped with landfi ll simulation 
lysimeters, which have an on-line monitoring 
and automatic control system for temperature, 
moisture, and aerobic/anaerobic conditions 
to maintain environmental conditions close 
to those in actual landfi lls. In addition, there 
are high-precision scales just under the landfi ll 
columns for monitoring the changes in weight, 
thus permitting the precise calculation of mass 
balance. We are trying to clarify scientifi cally 
the changes and behaviors, such as leaching, 
that landfi ll and micro-pollutants contained 
therein show over a long time by using these 
simulation plants.

Sample preparation room for 
plant experiments

This room is designated for the preparation 
of samples by crushing and drying as a 
pretreatment for analysis of various types 
of solid waste and recycling materials. It is 
equipped with powerful and versatile crushers 
which can cover from hard (e.g. melting slag) 
to soft materials (e.g. waste plastics), and 
prepare samples having various particle sizes 
from rough to fi ne. Prepared samples are used 
for various purposes such as a leachability test 
of hazardous substances and the investigation 
of pyrolysis characteristics. Installed in a space 
completed with a vent duct for leak prevention 
and collection of odor are three large-sized 
dryers, which have suffi cient capacity to dry a 
large amount of wet waste in a short time. They 
are used for pre-treating samples for garbage 
composition analysis, three-component 
analysis (combustibles, ashes, water), heat 
value analysis and elemental composition 
analysis performed in a dried state.

Chemical analysis laboratory 
for resources

This laboratory is used for assessing recyclable 
resources in terms of the characterization and 
environmental impact of waste by instrumental 
analysis. It is equipped with instruments for 
analyzing organic compounds, including gas 
chromatograph-mass spectrometers, high-
performance liquid chromatographs and a 
Fourier transform infrared spectrometer. In 
addition, there is a scanning electron microscope 
with energy dispersion X-ray analyzer to 
determine the elemental composition of the 
surface. Using these instruments, we evaluate 
the quality of recyclable resources such as 
melting slag through the observation of the 
surfaces and conduct research on the proper 
disposal of asbestos-containing waste by 
observing and counting asbestos fi bers in the 
waste and their thermally treated residues.

GC/MS room

This room was designed for determining trace 
amounts of organic components included 
in waste and related samples, mainly using 
the high-resolution gas chromatograph-mass 
spectrometer (GC/MS). A sample preparation 
room is also attached, where extraction 
and cleaning up of samples are conducted 
for precise measurement. Both rooms were 
designed to maintain the same conditions as 
a clean room to prevent contamination from 
a polluted atmosphere. We are developing 
reliable methods to determine trace amounts of 
PCBs (polychlorinated biphenyls), halogenated 
organic compounds such as brominated fl ame 
retardants and persistent organic pollutants 
in waste and related samples. We are also 
developing technologies for destroying these 
chemicals.

Homoiothermal room for 
physicochemical experiments

This laboratory is separated into four rooms 
designed for physicochemical experiments 
under a constant temperature condition. It is 
equipped with pH controlling equipment for 
leaching tests and a chamber for exposure 
experiments. The pH controlling equipment is 
used for the pretreatment of recycling materials 
to simulate their general use conditions 
to investigate their environmental loads at 
various pH levels. It is used for estimating the 
environmental impact of recycling materials, 
such as melted slag, on water systems.
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2F
Introduction of Research Laboratories of 

Material Cycles and Waste Management

Biological analysis laboratory

Continual comprehensive monitoring of various 
hazardous substances that may be included 
in waste or produced during waste-recycling 
and treatment is diffi cult with conventional 
chemical analysis only. The bioassay (or 
biotest), which uses cultured cells, microbes, 
fi sh or other organisms, is designed to obtain 
quick and comprehensive information on 
the harmful effects of chemical substances 
on living organisms, and so has been used 
as complementary method for whole hazard 
monitoring and assessment. This laboratory 
is equipped with constant-temperature 
aquariums for breeding and keeping aquatic 
organisms for tests, an isolated clean room for 
safely testing microbes, and micro-plate readers 
for detecting absorption, fl uorescence and 
bioluminescence for simultaneously treating 
many samples. Using these instruments, we 
are developing reasonable sets of bioassay 

methods (i.e. “batteries”) employing a range 
of living organisms from microorganisms to 
higher animals such as frogs and fi sh for the 
examination of waste and recycling resources. 
The batteries are also useful for monitoring the 
effects of chemicals in emissions from waste 
treatment, recycling and disposal facilities. 

Material cycle information room

“Information” is playing an increasingly 
important role today. We are trying to improve 
the collection, storage, and dissemination of 
accurate information and analysis to support 
the establishment of a sound material-
cycle society. This room is equipped with 
computers for analysis, a server for distributing 
information, a large plasma display, and others. 
These are used for our studies on: the analysis 
of material fl ows of resources, products and 
waste; the development of the LCA (life 
cycle assessment) method; support for the 
proper management of recyclable resources 
and waste with information technologies 
such as GIS (geographic information system) 
and remote sensing; and the establishment 
of an effective recycling system tailored to 
regional characteristics. These are also used 
for providing information on our activities 
including our research results.

Introduction of other research facilities

Final disposal demonstration site

When waste is buried for landfi ll, substances 
contained in waste and their decomposition 
products are released into the environment as 
leachates and gases. Stabilization is a process 
in which gas generation is subdued and 
leachate quality improves. It involves complex 
mechanisms, because factors signifi cantly 
affecting stabilization are not only chemical 
but also biological and physical. Since waste is 
coarse in size and diverse in kind, it is necessary 
to conduct a demonstration experiment with a 
pilot plant in parallel with laboratory experiments 
to understand stabilization mechanisms and 
test new technologies. For this reason, we have 
established four demonstration experiment 
pits measuring 5 m in diameter and 7 m deep 
in a fi nal disposal site actually in operation and 
are promoting research to develop new fi nal 
disposal technologies ensuring the safety and 
security of fi nal disposal sites.

Bio- Eco Engineering research 
laboratory

This research laboratory is developed to provide 
a base for international research activities to 
solve environmental issues pertaining to both 
Japan and overseas countries. Introducing 
household liquid waste from an actual 
treatment plant through a vacuum sewer 
system, we are conducting research on the 
development, analysis and evaluation of 
recycling-type advanced-treatment Johkasou 
for liquid, organic waste including raw 
sewage and household liquid waste; energy 
recovery technology from biomass such as raw 
garbage; eco engineering using planting and 
soil purifi cation technology; and so on. While 
various research programs are undertaken 
jointly with publicly run local environmental 
research institutes, universities, private 
businesses, and overseas research organs, 
international joint research projects are also 
being promoted with these research facilities 
utilized as the nucleus based on the Environment 
Ministers Meeting among Japan, China and 
Korea (TEMM), a Japan-China Environment 
Protection Agreement project, etc. Thus, this 
laboratory constitutes an important base for an 
international environmental research network 
including technical training and fi eld training 
organized under JICA-KOICA joint training 
programs for trainees from Asian countries. 



成
果

第1期

2221

2

3
1

Production

Resource
extraction Distribution Consumption

Waste
generation

Intermediate
treatment

Negative
legacy

Landfill

Maintenance/
management

Post-landfill use

Illegal
dumping

Recovery/
recycling

International
material cycles

Clarification of the actual states of material cycles
and associated problems in developing countries

Measurement methods 
using bio-assays and
chemical analysis
developed

Raw garbage-recycling
technology developed
RDF plant structure norms
established

Contribution made to the establishment
of execution criteria for post-landfill
disposal site modification

Methane generation
control, emission
calculation

Measures to avoid
gypsum boards from
landfill in stabilization-type  
disposal site
(hydrogen sulfide
countermeasure)

Technology to monitor
illegal dumping from a
satellite developed

Evaluation of the effect of 
packaging and container recycling
Proposal for institutional review

Resource productivity indices
proposed Adoption in the basic
material cycle plan Jointly
developed in OECD PCB decomposition

treatment technology
evaluated

Development of
quality standards for
recycled products

Resources 
（708）

Net additions in stock（1,037）

Energy consumption （412）

Food consumption（125）

Exports （138）

Final disposal （50）

Returned to nature（83）

Cyclical use （212）

Domestic resources 
（1,087）

Imports
（771）

Products （63）

Waste and
the like
（581）

Natural resources
and the like
（1,858）
Total material input

（2,070）
Reduction 
（237）

Normal※
Kg/kg

Waste plastics
Recycled at 
coke oven

Recycled at
blast furnace

(coke substitution)

Recycled at 
blast furnace
(powder coal substitution)

R
ed
u
ct
io
n

Coal

Petroleum

CO2

1

0

-1

-2

-3

（Unit: million tons）

Japan’s material flow（2002）

LCA assessment examples
※Incineration with 10% power generation efficiency

1

10

100

1000

10000

100000

Water content by volume（％）

Keep good drainage to keep low moisture content
Suppression of high-concentration hydrogen sulfide generation

0 10 20 30 40 50 600 10 20 30 40 50 60

Relation between water content in waste and 
generated hydrogen sulfide concentration

G
en
er
at
ed
 h
yd
ro
ge
n

su
lfi
de
 c
on
ce
nt
ra
ti
on

（
pp
m
）

Waste gypsum
board Waste gypsum

board
+
Organic
component

Waste gypsum
board
+
Organic
component

Air blower
Gas exhaust

pipe
Water injection
for leaching

Cover soil
0.5m

Layer of
filled waste

2.5m

Hazardous
chemical
substances

Air
system

Soil
system Intake

Incineration

Landfill

Water
system

Monitoring technology
development

Decomposition
technology development

Environmental fate
and behavior/

material flow analysis

Major achievements made during the 
fi rst fi ve-year plan period (2001-2005)
The Research Center for 
Material Cycles and Waste 
Management was established 
in April 2001 and promoted 
survey and research activities 
until 2005 according to a 
fi ve-year research plan (fi rst 
fi ve-year plan). The Center, 
formed as a research center in 
support of the government’s 
environmental policies to 
address waste management 
recognized as an urgent, 
political issue, promoted 
survey and research activities 
and caused its research 
outputs to be refl ected in 
policies determined by the 
Ministry of the Environment, 
etc. by making approaches 
from the following three 
angles.

Assessment methods and infrastructure arrangement for a sound material-cycle society

We developed and studied methods to assess and analyze material fl ows and methods to compare various 
transformation paths as a compass to help our society transform into a sound material-cycle society.

We elucidated the amounts of resources and 
materials consumed, utilized and discarded in 
Japan as a whole.

We contributed to the determination of 
numerical targets in the national government’s 
Basic Plan for Establishing a Sound Material-
Cycle Society with material fl ow analyses and 
research on the indicators based on them.

For the Basic Plan for Establishing a Sound 
Material-Cycle, visit
http://www.env.go.jp/recycle/circul/keikaku/

The advantages and disadvantages of various 
transformation paths to a sound material-cycle 
society were examined by comparing their 
environmental loads.

For example, the environmental loads reduction 
effect of recycling plastic packaging and 
containers in the steel industry was compared 
and evaluated with the life cycle assessment 
(LCA) technique.

Recycling, waste treatment and waste disposal technology

We conducted research and development on technologies to support recycling, proper treatment and disposal 
and their systems to promote effective waste utilization and safe treatment and disposal of hazardous substances.

We developed technologies to utilize 
waste effectively and recycle as 
resources.

We promoted technology development 
to obtain hydrogen, which can be used as 
an energy source in fuel cells, from waste 
by means of gasifi cation through pyrolysis 
at a relatively low temperature as well as 
microorganism fermentation and endeavored 
to develop a system capitalizing on the regional 
characteristics of waste generation.

We studied the causes of waste-
related accidents and worked out 
countermeasures.

We elucidated the cause of high-concentration 
hydrogen sulfi de gas generation in an inert 
waste-type disposal site and showed a solution 
to this problem.

We promoted technology 
development to achieve safer, securer 
fi nal disposal sites.

We developed stabilization acceleration 
technology to shorten the time period till 
aftercare termination.

Risk assessment and control during material cycle, waste treatment and disposal processes

We conducted research on the development of methods to detect hazardous substances and 
technologies to decompose them safely in the processes of recycling, treating and disposing of wastes.

We conducted behavior analysis and substance 
fl ow analysis of hazardous substances and 
studied control measures in the material cycle 
and waste treatment/disposal processes.

For example, as to brominated fl ame retardants which 
have accumulated in the environment and become 
our health concerns, we tried to identify their possible 
emission sources and information related to human risks 
(exposure pathways) by estimating emission factors and 
emission amount in various processes, and studied the 
emission release control technologies.

We developed rapid and cost-effective monitoring 
methods for screening hazardous substances in the 
material cycle and waste treatment/disposal processes.

As one example, bioassay methods using cells or 
biomaterials dealt in our research were adopted and 
applied as offi cial simplifi ed methods to measure dioxins 
in waste incineration gas and ash under Japanese 
regulations.

We conducted technology development to 
treat hazardous substances in wastes safely 
and properly.

With regard to polychlorinated biphenyls (PCB), 
which are very persistent and bio-accumulative in 
the environment, we conducted research on the 
development of decomposition technologies and 
analysed decomposition mechanism, which provided 
useful information to the PCB Waste treatment program 
promoted by the government. 


