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Preface  
 

The Tokyo Metropolitan Government (TMG) has been promoting the 3Rs (Reuse, 
Reduce, Recycle) to achieve its goal of “creating a new urban model to fight the 
climate change crisis and resources depletion” declared in the Tokyo Metropolitan 
Environmental Master Plan, formulated in March 2008. 

Faced with the looming crisis of climate change and a tightening supply of 
resources, we need to put into action integrated efforts to create a low-carbon society 
and a society with a sound material cycle.   

Based on this recognition, TMG has launched a Panel for New 3Rs Strategy, to 
obtain expert opinions and insights from a broad perspective on the direction in 
which the programs and initiatives should head and what a society with a sound 
material cycle should look like.  
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Introduction 
 

Tokyo’s final waste disposal has decreased by approximately 60 percent over the 
past 10 years. This reduction was made possible by the active promotion and practice 
of the 3Rs (Reduce, Reuse, Recycle) and other efforts by citizens, businesses and 
municipalities in Tokyo.  

Meanwhile, based on its recognition that climate change is a problem that threatens 
the survival of humanity, the Tokyo Metropolitan Government (TMG) is aggressively 
implementing a wide range of pioneering measures, even ahead of the national 
initiatives, to create a low-carbon city. Specific actions include the introduction of a 
mandatory reduction of total GHG emissions by large businesses, and the revision of 
the Tokyo Green Building Program, to name but a few. Tokyo became the first of 
Japan’s local or national governments to introduce the mandatory emissions reduction 
requirement. 

Despite these initiatives, the climate change crisis and resource constraints have 
become aggravated on a global scale. In order to solve these serious problems and to 
leave a better society for future generations, we must rethink our current use of 
resources to create a sustainable society.  

Tokyo is thus committed to making further progress in its pioneering initiatives 
and ensuring that its efforts toward a sustainable society are on the right track. To this 
end, the TMG needs to understand the flow of resources throughout their lifecycles, 
and explore how best to use and recycle resources, thereby reducing GHG emissions.  

Based on this recognition, the Panel has discussed the desirable future direction of 
policies and measures pertaining to the cyclical use of resources from the long-term 
and global perspectives. This report provides a summary of the findings and 
conclusions of the Panel.  
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Chapter 1  Current Status and Challenges in the Use of Resources 
 

Today, we witness various problems occurring at the interface between humankind 
and the environment.   
While our economy has been supported by the consumption of a significant 

amount of resources, this mass consumption has had a negative effect on the 
environment on a global scale, typified by global warming. It is also likely that a 
shortage of natural resources will become a reality in the future.  

These challenges urge us to rethink the current ways in which we use resources.  
 

1  Current status of the use of resources 
 
(Flows of materials in Japan) 

In Japan’s material flows, a total of 1.79 billion metric tons (tonnes) of resources 
were input into the country during 2006. (Figure 1-1)  

Japan’s resource productivity (gross domestic product (GDP) per input of one ton 
of resources) is approximately 2,400 dollars (240,000 yen) per ton, a relatively high 
level among the developed countries. However, input of per-capita resources is at a 
significant level of approximately 14 tons a year. Combined with a total materials 
requirement (TMR)* for metal resources of approx. 2.1 billion tons, this input of 
resources represents more than 30 tons a year for every single Japanese citizen. 

Out of the 1.79 billion tons of resources that Japan uses, 44% is imported. Major 
imported resources include fossil fuels such as oil, coal, and natural gas; metal 
resources such as iron ore; and biomass resources such as wood and food.  

Domestic resources account for 43%, which include construction minerals, and 
agricultural products, among others.  
Recycled materials* represent only 12%, the major components of which include 

waste concrete/asphalt, scrap iron, and waste paper. 
On the resource output side, only approximately 2% of the resource input is 

disposed of in landfill as waste. However, 840 million tons of additional resources are 
used each year to construct buildings and civil engineering structures, most of which 
are likely to be disposed of as waste sometime in the future when the structures are 
rebuilt.   

Furthermore, such a heavy consumption of resources results in GHG emissions.  
Fossil fuel consumption and industrial processes (using limestone, etc.) emit 1.34 
billion tons of CO2 a year.   

These figures reveal not only Japan’s dependence on significant amounts of natural 
resources and large GHG emissions, but also the potential risk that the nation will 
produce significant amounts of waste in the future.  



 - 3 -

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1 Material flows in Japan (in 2006) 

 

 
(Global trends in the use of resources)  

The global trends in the use of resources are summarized as follows:   
As a result of continuous economic growth to date, our world has become 

economically better-off and the global population has been growing. For the past 50 
years, in particular, developed countries including Japan have benefitted from the 
abundant availability of products and enjoyed consuming them. At the same time, the 
consumption of natural resources has increased to an incredible level. 

In the coming years until around 2050, we also expect to see continuous rapid 
growth in the BRIC economies, such as India and China, as well as in the 
development of other developing nations. In addition, a population explosion is 
anticipated: the United Nations Economic and Social Council estimates that the 
global population will reach 9.1 billion by 2050. (Figure 1-2)   

Under these circumstances, some resource-producing counties have started to 
hoard resources* to take advantage of the rise in the global demand, and resource 
prices have been on a continuous upward trend, despite some temporary fluctuations. 
These developments may cause constraints in resources in the mid and long term, 
which, combined with the risk of further rises in the prices of resources in the short 
term, will likely pose a threat to the consistent supply of resources.   

Further increases in our consumption of resources in the future may force 
humankind to face a resource depletion crisis. (Figure 1-3) 
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Figure 1-2  Estimates of global population and GDP up to 2050 
 

Against this background, the United Nation Environmental Programme (UNEP) 
launched a panel on resources in November 2007. The purpose of this panel of 
leading experts from various countries is to explore the sustainable management of 
resources. 

Tokyo, which uses massive amounts of resources, is also required to find a way to 
use resources in a sustainable manner.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1-3  Trends in prices of resources 
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2  Issues around the use of resources 
 

As Figure 1-4 shows, there are three major issues to be focused on when 
considering a variety of environmental impacts and constraints: (1) extraction of 
natural resources [input side], (2) emission of GHGs [output side], and (3) final 
disposal of waste [output side].  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 1-4  Relationship between major resources and three issues 
 

(1) Natural resource extraction 
 
The majority of the resources used in our economic activities are natural resources, 

extracted from natural ecosystems. Broadly speaking, there are two major issues 
related to the extraction of these resources: one is the environmental impact generated 
by the entire resource use processes, and the other is the limitations in the supply of 
resources themselves.  

The environmental impact from using natural resources is associated with the 
resource extraction and product manufacturing phases. For instance, when extracting 
metal ore from natural surroundings, rock and stone is inevitably brought out at the 
same time in amounts reaching from tens to hundreds of times as much as the amount 
of target metals extracted. In addition, the subsequent smelting and other processes 
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generate significant amounts of slag and emit GHGs. 
Most natural resources are finite; in other words, if the current pace continues, 

most of our natural resources will be in short supply by the end of the 21st century. 
This resource shortage comes with a risk of soaring extraction costs due to the 
increasing difficulty of extracting limited amounts of resources. 

However, information on the environmental impact and constraints on resources is 
not fully available or clear during the consumption phase.  

In deciding which kind of resource to use, a natural resource should not be 
preferred just because it is a lower-cost choice. Rather, careful consideration needs to 
be given to the environmental impact during the extraction process and the limitation 
on reserves. For instance, it is important to introduce additional indicators, such as 
TMR, and conduct a comparative analysis between the use of natural resources and 
the use of recycled materials. Recovering and using recyclable resources to the 
greatest possible extent, and opting out of using natural resources, will significantly 
reduce the environmental impact during the extraction phase and help avoid the risk 
of resource constraints.  

 
(2) GHG emissions 
 

In recent years, phenomena which could threaten the survival of humankind have 
become increasingly apparent. These problems, such as climate change and rising sea 
levels, are influenced by emissions of GHGs, which amounted to 27.3 billion t-CO2 
worldwide in 2006.  

The climate change crisis will be aggravated by the increase in resource 
consumption, because the more resources are used, the more GHGs are likely to be 
emitted by the production, transportation, and other processes.  
The selection between recycled materials or natural resources will make a 

considerable difference in GHG emissions by the relevant production and distribution 
processes. Reducing GHG emissions during waste disposal and the cyclical use of 
resources is also a major challenge. 

That being said, no sufficient quantitative assessment or information sharing has 
been conducted yet to estimate by how much GHG emissions will be reduced by 
recycling waste and using the recycled materials, whereas a similar quantitative 
assessment has already started for waste disposal processes. 

As an example, if a factory switches its fuel from coal to recycled fuels known as 
RPFs (refuse paper and plastic fuels), it can reduce its GHG emissions.  

Disclosing specific data showing how big a contribution the cyclical use of 
resources can make to create a low carbon society̶in the example above, showing 
how big a quantitative reduction can be achieved̶will further promote the cyclical 
use of resources.   

 
(3) Final waste disposal  
 

Existing waste management and recycling policies have long focused on the “3Rs 
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for waste reduction” with the goal of reducing final waste disposal volumes, in light 
of pressing concerns with a shortage of landfills.  

With the landfill shortage unsolved, a reduction in final waste disposal volumes 
will remain high on the agenda for Japan, a country with a small land area.  

In addition, the nation needs to work on promoting the recycling of metal and 
construction waste, most of which still goes into landfill under the present system, 
and the development of technologies to recycle these waste materials.  
 
3 Issues by Resource Category  
 

In this section, the three groups discussed above are examined in relation to the 
major resource categories. 
 
(Classification of resources)  
Major resources can be classified into: (1) biomass resources including wood, paper, 
and food; (2) fossil-derived resources including coal, crude oil, and plastics; (3) metal 
resources including ferrous and nonferrous materials; and (4) ceramic, rock and soil 
resources including cement and aggregate. 

The following is a summary of the characteristics of these four types of resource and 
how they relate to the three issues discussed.  
  

(Characteristics of the four resource groups) 
(1) Biomass resources: dependence on overseas supply  

Biomass resources such as wood are renewable resources* as long as use of these 
resources does not exceed their long-term regenerative capacity. In the present 
framework for assessing GHG emissions, CO2 emitted when incinerating biomass 
resources are not included in the calculation.  

Most biomass resources used in Japan are imported̶for instance, 77% of our 
wood and 49% of our food are supplied from overseas̶partly due to domestic 
consumption exceeding the amount that can be regenerated. 

A survey by the MLIT in fiscal 2003 indicates that Japan would require forests 
covering 35.35 million hectares in order to satisfy its own demand for wood. This 
represents 140% of Japan’s total forest areas, which are currently 25.11 million 
hectares. Excluding natural forests (comprising nearly half of the forested areas in 
Japan), the area of forests required would increase to 300% of the actual level.  
 
(2) Fossil-derived resources: finite supplies  

Fossil-derived resources, typical examples of which include oil and plastics, are 
non-renewable resources*, and their supply is limited. Indeed, our crude oil 
production capacity is anticipated to peak out in the near future. Nearly all these 
resources are supplied by other countries. 

Opting out of the final disposal of waste plastics is possible, and in practice a 
variety of ways of recycling waste plastics is being looked at currently. However, 
the recycling rate is still far from adequate.  
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(3) Metal resources: large environmental impact during extraction 
Metal resources such as iron and copper are also largely imported. Extraction in 

this resource group tends to involve the mining of other unwanted rocks, and the 
subsequent production processes often emit large volumes of GHGs. 

Metal resources are non-renewable, and thus quantitatively limited because their 
extractable reserves will decrease over time. However, elements do not transform 
into other materials and they exist in some form in the Earth.   

The majority of important metals such as iron and copper are recycled, although 
minor metals* are not recycled at an adequate rate. 

Given this, growing attention is being paid to so-called “urban mines,” referring 
metaphorically to the metal resources used in all the electrical appliances and 
electronic devices that are mass marketed and consumed in Japan.  

 
(4) Ceramic, soil and rock resources: potential recycling limitations  

Nearly all of the ceramic, soil and rock resources used in Japan are sourced 
domestically. 

While 98% of the waste concrete produced by engineering and construction 
works is recycled today, the recycled materials are limited to use as recycled 
aggregate as sub-base materials for road construction etc. 

The issue of concern is that the demand for such recycled materials may fall 
short of the quantity of waste concrete being recycled, given that new construction 
projects in Japan’s civil engineering market are anticipated to decline in the future.  
(Figure 1-5)  

To address this issue, it is imperative to develop technologies for recycling waste 
concrete into aggregate for use in buildings and other structures, rather than as road 
sub-base, and to expand the recycled materials market.  

Other problems with cement include high CO2 emissions during the production 
process, mainly associated with processing the limestone.  
 
The relationships between the major resource groups and the three key issues are 

summarized in Table 1-1 below.   
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Figure 1-5  Projected disposal of waste building and construction structures  
Source: Study Report for Super-long Term Vision (MOE), 2007 

 
 

Table 1-1 Major resource types and three key issues 

 
 

 Natural Resource Extraction GHG Emissions Final Waste Disposal 

Biomass resources 

(Wood/paper, food, 
etc.) 

The management of overseas 
forest resources, etc. needs 
monitoring. 

It should be noted that fossil 
fuels are input during the 
production and distribution 
processes, which emit CO2.  

Final disposal is 
avoidable in nearly all 
cases. 

Fossil-derived 
resources 

(Coal, crude oil, 
plastics, etc.) 

Extraction capacity of oil and 
others will reach their peak in 
the future, posing depletion 
risk.  

A lot of CO2. emissions during 
incineration. 
 

Final disposal is 
avoidable in nearly all 
cases. 

Metal resources 

(Ferrous, 
nonferrous, etc.) 

In extracting many metal 
resources, other rocks are often 
extracted in large quantities.  
Extractable reserves will 
decline in the future.  

A large part of the CO2 
emissions comes from the 
smelting process.  

To avoid final disposal for 
minor metals, etc., 
recycling technologies 
and a system to promote 
recycling need to be 
developed.  

Ceramic, rock and 
soil resources, 
(Cement, aggregate, 
etc.) 

Possible impact on the 
natural environment from 
which the rock and gravel are 
taken. 

Cement and some others emit
high levels of CO2 during the
production process.  

Final disposal may 
increase in the future.  

Demand for gravel and 

crushed stone for roads, 

railroads (actual) 

(Mt) 

Waste disposed 

of (forecast) 

Waste 

disposed of 

actual)

By 2030, waste building 

and construction  

structures are predicted 

to increase almost  

twofold from the present 

level 
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Chapter 2  Basic Approach to Strategy for the Sustainable Use of Resources 
 
1 Principles of sustainable resource use and integrated strategy  

 
As discussed in the preceding chapter, our economic activities extract large 

volumes of natural resources from the Earth, and discharge large volumes of waste 
materials into the environment in the form of GHG emissions and final waste 
disposal. 

However, the potential tight supply of natural resources and the climate change 
crisis clearly suggest that continuing the status quo is not a feasible option for the 
future.  

If we wish to continue prospering as a vibrant society, we have no choice but to 
start to use our resources in a sustainable way.   

The sustainable use of resources is based on the following principles: 
(1) Renewable resources should be used to the maximum extent possible, and 

should be used within a level that allows for their renewal in the long term;  
(2) If unavoidable, non-renewable resources may be used within a level that allows 

them to be substituted by other materials or energy sources; and  
(3) Environmental impact from human activities should remain within the capacity 

of the environment to restore itself. 
c.f. Principles of Sustainable Development by Herman Daly 

While recognizing these principles cannot be put into effect overnight, we need to 
make them the basis for our future vision for using resources and implement 
strategies that move us in the direction of our vision.    

For this, we need to evolve our current 3Rs initiatives, the main goal of which is to 
reduce final waste disposal volumes, to the next level and develop a new strategy for 
the cyclical use of resources that aims to reduce the extraction of natural resources, 
GHG emissions, and final waste disposal in an integrated approach.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Sustainable resource use Existing resource use 

Figure 2-1 Integrated strategy for the sustainable use of resources 

(1) Renewable resources should be used to the 
maximum extent possible, and should be used 
within a level that allows for their renewal in the 
long term.  
(2) Non-renewable resources may be used within 
a level that allows them to be substituted by other 
materials or energy sources.  
(3) Environmental impact from human activities 
should remain within the capacity of the 
environment to restore itself. 

Integrated strategy for the 
cyclical use of resources  
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2 Tokyo’s responsibilities 
  

Tokyo is a high-consumption megacity and a hub of networks where people, goods, 
and information flow in from all over the world. 

Most of the products in use in Tokyo are manufactured outside of Tokyo, and most 
of the waste, etc.* generated in Tokyo is often transported for recycling to other 
locations than Tokyo, both in Japan and abroad, and then comes back to Tokyo as 
recycled materials to be input into the production processes. 

Given this, Tokyo’s initiatives to promote the sustainable use of resources can and 
should play an important role in transforming Japan’s use of resources into a 
sustainable one.  

To fulfill the role effectively, it is important to assess Tokyo’s GHG emissions and 
final waste disposal, both in terms of the direct impact from businesses and 
household activities there and the indirect, lifecycle-wide impact associated with the 
use of products and services in Tokyo, irrespective of the place where the impact is 
felt.  

It would be useful to assess the consumption-based natural resource input, GHG 
emissions, and final waste disposal by the material flow and an input-output analysis, 
which needs to be studied further.  
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Chapter 3 Specific Direction of Strategy on the Sustainable Use of Resources 
 
1. Approaches to both artery and vein processes*  

To achieve the sustainable use of resources through a reduction in the three areas 
described above, merely promoting resource recycling in the “veins,” i.e., 
implementing waste management and recycling programs, is not sufficient; it also 
requires enhanced coordination and collaboration with the programs on the 
“arteries” side, including product manufacturing and distribution.   
 

(Reduce)  
Efforts toward the sustainable use of resources described above should start with a 

reduction in resource consumption itself.  
While the term “reduction” is generally interpreted as a reduction in the generation 

of waste, it should rather be considered as minimization or optimization of the use of 
resources.  

Reduction according to this definition will result in a reduction in the generation of 
waste, a reduction in the extraction of natural resources, and a reduction in GHG 
emissions during the production and transportation of materials and products and 
from waste disposal.   

To promote this reduction, we need to facilitate: 
(1) A lower dependence on products by introducing servicizing* and by other 

means; 
(2) Simpler, lighter, and smaller products; and 
(3) A longer product life (including repair).  
It is particularly important to promote the shift to a “stock-oriented society” where 

buildings and other urban stock receive good care and maintenance to extend their 
useful life.  
 
(Cyclical use of resources) 

As a second priority, we should further facilitate the cyclical use of resources, not 
only by efforts in the “veins,” including separating and collecting waste by type as 
well as reclaiming resources, but also by promoting efforts in the “arteries,” including 
the increased use of recycled materials and the development of recycling-friendly 
products. 

In promoting resource recycling, the following should be noted:  
 

(1) Priority 
Generally, a greater reduction in the extraction of natural resources and GHG 

emissions can be achieved by a method that follows the order of reuse, materials 
recycling, and thermal recycling. Accordingly, the priority for cyclical use 
basically follows the same order. 

However, this is a preference, not an absolute rule. You do not have to follow it, 
if incompliance is more beneficial in terms of the total impact across the entire 
lifecycle of the product in question.  
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For example, plastics can be recycled by a variety of methods, including materials 
recycling, chemical recycling*, and thermal recycling. Out of the available options, 
the method that consumes less natural resources (crude oil) and gives lower GHG 
emissions should be preferred.  
 
(2) Open loop recycling and closed loop recycling* 

In open recycling, recovered resources are often blended in a mass resource 
consumption process. However, to use resources in a sustainable way, we should 
try to implement closed recycling whenever possible to maintain the “purity” of 
the resource.  
To promote closed recycling, a practice with a higher energy consumption and 

higher costs, efforts must focus on the arteries, including easy-to-separate product 
designs. To facilitate these efforts, it is important to evolve the concepts of EPR 
(Extended Producer Responsibility)* and materials leasing.  

   
(3) Management of hazardous materials   

The cyclical use of resources must take place after an appropriate assessment of 
and communication about the risks of hazardous materials. If even a single incident 
involving hazardous materials occurs and erodes the public trust, it could severely 
hinder the overall cyclical use of resources.   

 
When waste has to be disposed of in landfill because it is not suitable for recycling, 

careful consideration should be paid to minimizing GHG emissions with their high 
global warming potential, ensuring the appropriate sorting and recovery of metal 
resources, and minimizing the volume of waste to be disposed of in landfill.   

 
(Changing raw materials)  
 

On the artery side, it is important to promote a shift in the choice of raw materials 
to the use of renewable resources, as well as the production of simpler, lighter 
products with a longer product life and an easy-to-recycle design.   

 
(1) The shift to renewable resources 

We need to promote a shift to the use of renewable resources, while paying 
attention to the speed at which they can be regenerated. With this regard, wood is a 
low-carbon material, and thus its effective use is particularly important in reducing 
GHG emissions.   
 
(2) The shift to highly functional materials using elements with low constraints on 
availability 

Rather than continuing to use rare earth elements, we need to find 
technological breakthroughs that allow us to develop highly functional materials 
made from elements that have low constraints on availability.  
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2. Reducing the extraction of natural resources 
—Promoting the cyclical use of metals and other natural resources— 

 
(TMR of metal resources)  

Approximately 150 million tons of metal resources are input into Japan’s material 
flow streams. As discussed above, the extraction and smelting of metal resources 
involves the extraction and production of large volumes of soil and sand, tailings and 
slag and others, and the estimated TMR of all the resources involved amounts to 
approximately 2.1 billion tons.  

Since most metal resources used in Japan are imported, nearly two billion tons of 
soil and sand, tailings and slag are generated from Japan’s use of metal materials.  

Calculation shows that the TMR of a cell phone weighing less than 56 grams is 31 
kilograms. Such accurate information should be released to help consumers make 
their purchasing decisions. (It should be noted however that TMR is not a direct 
indicator of environmental impact.)  

 
(Cyclical use of metals)  

The consumption of minor metals, a group of metal resources widely used in 
electrical equipment, is expected to increase further in the future, spurred by wider 
use of green technologies, such as in electric vehicles. Many minor metals are not 
recycled, mainly because of the lack of established recovery systems and recycling 
technologies. 

Copper, another material indispensable for electrical products, is also a material 
with a large TMR value. Issues with copper recycling include the intrusion of scrap 
iron as a result of insufficient sorting. Continual contamination of scrap iron by 
copper and other materials will deteriorate the quality of ferrous resources over time.  

To overcome these issues, as well as to ensure a consistent supply of metal 
resources over the long term and to reduce a wide range of environmental impacts 
associated with the use of metal resources, further action is needed to encourage the 
use of different raw materials, the introduction of easy-to-separate-and-recycle 
product designs, and many others, based on the concepts of EPR, servicizing, and 
material-leasing.  

At the same time, we need to establish multi-step recycling systems where systems 
for collecting used small electronic devices are in place and advanced waste 
separation technologies are made available at recycling/waste processing facilities.  

 
(Cyclical use of other beneficial elements)   

Waste materials also contain beneficial elements other than metal resources. 
For instance, phosphorus contained in human waste is an essential element for 

living organisms and indispensable in food production. However, it is an exhaustible 
resource and reserves are located in a limited number of nations. Japan depends on 
foreign imports for all the supplies of phosphorus used in the country.  

It is necessary to develop and implement strategies that will enable the cyclical use 
of these kinds of beneficial elements to the maximum extent possible.  
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(Biomass resources and ecological footprint*) 
While biomass resources are renewable, they should be used within their natural 

regenerative capacity to ensure sustainable use. In addition, we should not forget the 
fact that mass harvesting of biomass resources has a significant impact on the 
ecosystem. 

Disclosing and communicating accurate information is important in pursuing the 
sustainable use of biomass resources. The ecological footprint, an indicator of the size 
of the area required to regenerate the biomass resources consumed, is effective and 
useful for this purpose.  

In addition, the thermal recycling of biomass resources is significant in reducing 
GHG emissions. However, it should also be emphasized that priority should be given 
to reduction, reuse, and materials recycling (in that order).  
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3 Reducing GHG emissions 
— Visualizing avoided GHGs from the cyclical use of resources — 
 

(Reducing GHG emissions through cyclical use of resources)  
To avert the climate change crisis, a significant reduction in total GHG emissions 

worldwide is necessary.   
Today, quite large volumes of greenhouse gases are emitted during the production 

of a wide variety of resources, such as the smelting of iron and other metal resources, 
and the production of cement, paper, plastics, and food.  

To slash these emissions, in addition to introducing innovative energy conservation 
technologies, the promotion of the cyclical use of resources is also important, and 
must be pursued simultaneously.  

For instance, the thermal recycling of waste plastics to recover the energy and raw 
materials for cement production enables a reduction in coal consumption and 
associated GHG emissions in the cement-making process. Desirably, this kind of 
reduction should be made visible to the business operators who separate waste 
plastics from other refuse collected by recycling vendors.  

Take aluminum as another example. Recycling aluminum cans will lead to a 
considerable reduction in energy consumption and GHG emissions in and outside 
Japan, since aluminum ingots are usually produced overseas. It is important that these 
kinds of benefits are made visible to the citizens of Tokyo who are participating in 
activities to recover resources on a daily basis. 

 
(Formulating unified rules to make avoided GHGs visible)  

The carbon footprint* is a tool to visualize a product or service’s total GHG 
emissions across its lifecycle, and is expected to play an important role in promoting 
the sustainable use of resources. Preparatory efforts for establishing a carbon 
footprint system are currently underway. In parallel with this, the launch of a 
visualization mechanism to make avoided GHGs by the cyclical use of resources 
visible is needed.  

Currently, there are no generally accepted rules for calculating avoided GHGs from 
the cyclical use of resources, although there have been several calculations made in 
individual cases. Therefore, collaboration is needed with stakeholder industries to 
establish a single set of calculation rules. Specifically, it is necessary to take stock 
and organize existing methodologies (such as the range of recycling methods, GHGs, 
and processes to be included in the calculation, and the way to determine a 
comparative “as-is” scenario), while taking into consideration relevant international 
trends. 

At the same time, it is necessary to consider how to provide standard “emission 
reduction potential” data to stakeholder industries based on the data that has been 
collected and compiled. This reduction potential value will serve as default data for 
the standardized calculation methodology, representing the reduction in GHG 
emissions per unit of cyclical use. If recycling and waste disposal service providers 
engaged in resource recycling are able to deliver accurate information on reductions 
in GHG emissions from the cyclical use of resources to waste-generating business 
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operators, this will be advantageous to the recycling activities of the recycling and 
waste disposal companies.  

In addition, recycling efforts are expected to be accelerated by similar information 
disclosure about general, non-industrial waste recycling̶i.e., informing citizens and 
the wards and other municipalities in Tokyo of the calculated reduction in GHG 
emissions achieved by separate collection and recycling of waste containers and 
packaging.  

Under the existing GHG inventory* systems and Japan’s legislation that addresses 
global warming, CO2 emissions associated with the simple incineration of plastic 
waste are included in the emissions of the waste sector. However, in order to promote 
waste reduction and recycling to achieve lower GHG emissions, it is more effective 
to hold waste generators and, where appropriate, product manufacturers, responsible 
for the GHG emissions.  

The reallocation of CO2 emissions in the waste sector to the relevant 
waste-generating sectors should be considered, as it is practiced in the electricity 
production sector to the other business sectors, which actually consume the electricity 
on a pro rata basis. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1 Visualizing the reduction in GHG emissions from the cyclical use of 
resources  
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4 Reducing final waste disposal  
—Response to the declining demand for recycled materials with the maturation 

of cities— 
 

(Possible lower demand for recycled materials caused by fewer new construction 
projects)  

As cities mature, the number of new building and civil engineering construction 
projects is anticipated to decrease. Conversely, improvement projects are expected to 
account for a greater proportion of the construction work.  

The number of new civil engineering projects, in particular, is in sharp decline, 
mainly due to the fact that most such projects were public works, and thus affected by 
tightening fiscal conditions for national and local governments. 

Fewer construction projects will lead to shrinking recycling markets for waste 
concrete and various other waste construction materials.  

When cities are in their growth and expansion stage, civil engineering projects 
form a major destination for recycled materials in a cascade of recycling processes. 
However, as cities mature, existing recycling systems will reach their limits, because 
they are designed to focus on the material flows “from building construction to civil 
engineering work”.  

It is probable that waste generation will exceed the demand for recyclable 
resources. If this happens, large amounts of redundant waste would have to be 
disposed of in landfill.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(Possible lower demand for recycled materials caused by lower cement production)  

Cement production has been in decline for a long time, largely due to the longer 
life of buildings and structures and fewer civil engineering projects. In France and 
Germany, per capita cement production is below 400 kg per year, and Japan with its 
current annual production of 570 kg per capita is likely to approach that level 
eventually. 

Fixed capital form
ation 

Time  

Cities:  Growth stage  Maturation stage 

New construction projects  
Engineering works ∝ recyclable 
materials

Improvement projects  
∝ demolition waste produced  

Figure 3-2 Illustration showing the maturing of cities and the declining 
demand for recycled materials  
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There are concerns that decreasing cement production will hamper the recycling of 
related waste materials, because the cement industry has been using a lot of recycled 
resources in its raw materials to date.  
 
(Extending the useful life of buildings and establishing new recycling routes) 

In addition to contributing to waste reduction, giving buildings and other structures 
longer useful lives is extremely important for reducing the extraction of natural 
resources and GHG emissions. For this, we need to further extend the useful life of 
these assets. 

Other actions required include the widespread use of advanced recycling 
technologies with green procurement for public works projects, expanding recycling 
“from building construction to building construction”, and using recycled materials in 
environmental restoration projects, among others, while closely monitoring the 
demand for recycled materials.  
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Conclusions 
—Toward 2050— 

 
Humanity is facing a crisis with resource constraints and climate change that is 

threatening the sustainability of our societies. This makes it imperative that we create 
the kind of societies that will enable us to lead affluent lives with the minimum use of 
resources, and allocate resources for future generations in a fair and equitable way. 

To these ends, we need to create a vision of the ideal way of using resources that 
can be achieved by around 2050. In achieving our vision, we should then take a series 
of strategic actions in a holistic manner to reduce the extraction of natural resources, 
GHG emissions, and final waste disposal volumes. 

Now is the time to move toward dematerialization. To achieve that, we should rein 
back from the mass consumption of resources and instead promote servicizing and 
other measures to achieve a dramatic improvement in resource productivity (Factor 
X). 

As we move toward 2050, citizens, businesses, and governmental organizations in 
Tokyo must think globally and start to take action in their daily activities with a clear 
awareness and commitment to using resources in a sustainable way.  
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Japan’s GHG emissions and 
reductions due to recycling

Japan’s total GHG emissions: 1,340.1 Mt-CO2

Energy
1,194.7 Mt-CO2

IPPU:
73.2 Mt-CO2 

AFOLU:
27.4 Mt-CO2

Waste:
44.8 Mt-CO2
(3.3%)

CO2 from 
waste plastic 
incineration

CH4 from 
landfills

N2O from the 
incineration of 
sewage 
sludge, etc 

GHG emissions
reductions from material 
and thermal recycling 
Reduction of 60–80 Mt-
CO2
(Reduction of 4.5 to 
6 %)

 
 
    

 

Illustration of “emissions reduction 
potential”

Is it possible to establish an emission reduction potential for 
each recycling method to help business operators calculate 
their GHG reductions?
Is a reasonable level accepted as the expected accuracy of a 
potential reduction figure?

G
enerator

Treatm
ent Facility

Waste 
plastics 

１ｔ

0.5ｔ

0.4ｔ

Waste to Energy
(Power 
generation 
efficiency: 20%) 

Processed 
into RPFs

Electricity 100 
kWh 100kWh×0.339*＝ 33.9kg-CO2

＊Emission factor 

0.6t×▲2.5 ＝▲1.5t-CO2

0.4t×▲1.5 ＝▲0.6t-CO2

：Emission reduction factor

=
Quantity of waste recycled ※ Note: All the data presented here are hypothetical 

and for illustration purposes only. 

GHG 
information
Scope 2 : 
33.9 kg
Scope 3: (-
2.1 tons)

CO2 emissions if recycled –
CO2 emissions “as is”

 
 
 

AFOLU: Agriculture, Forestry and Other Land Use 
IPPU: Industrial Processes and Product Use   
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Visualizing GHG emissions reduction from the cyclical use of resources* 

* Cyclical use of resources refers to reuse, recycling, thermal recovery and proper disposal. 
 
￭ There have been no generally-accepted standard rules for calculating how much GHG emissions 

can be reduced by the cyclical use of resources; A variety of calculation formulas have been adopted 
in practice.  

￭ Introduction of an uniform calculation formula needs to be discussed:   
(1) Which GHG should be covered?  

In addition to including the six GHGs designated in the Kyoto Protocol, the possible inclusion of 
insulating CFCs used in building construction should be considered.   

(2) Scope of the calculation 
Given their small emission volumes, we propose that emissions from factories/facilities 
construction be excluded from the calculation in principle, despite the basic rule calling for the 
inclusion of entire life cycles.   

Reference: “Guidelines for a Carbon Footprint System,” METI, March 2009 
“In principle, the CO2 emissions associated with building new factories, installing new production 
facilities, or changing land use may be excluded, unless their contribution to total emissions is 
obviously material. This problem should continue to be monitored, keeping a close eye on the relevant 
international trends.  

(3) Comparison with the “as-is” process  
Reductions should be calculated after comparing the emissions from the relevant processes in the 
cyclical use of resources and those from the corresponding “as-is” processes.  
For combustibles, we suggest simple incineration be taken as the “as-is” process.  

 
￭ We suggest collaboration between industry associations to standardize calculation methodologies, 

collect and analyze data, and establish standard reduction factors. Implementation of pilot projects 
and other measures should be considered, aiming for widespread adoption of a tool to calculate the 
emission reduction performance. 

 
Example calculation: 
“Study on the Environmental Impact of Recycling Methods for Plastic Containers and Packaging,” 

 The Japan Containers and Packaging Recycling Association, June 2007 
･Reduction in CO2 emissions̶in the form of the difference between the two methods̶if one 
ton of waste plastic is recycled (into RPF), rather than in the “as-is” process (simple 
incineration):  
 In the recycling system, RPF is produced from the waste plastic and used as boiler fuel. 
 In the “as-is” system, the waste plastic is simply incinerated in a coal-fired boiler. 

  (0.08+2.65) t-CO2/t  - (3.40+2.66) t-CO2/t = negative 3.3 t-CO2 
 
 
 

CO2 from waste plastic 
incineration 

CO2 from coal 
firing  

CO2 from RPF 
production 

CO2 from RPF 
incineration 

Recycling system 

ジ

As-is system  
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Principles of resource use and 3Rs policies 

 
Sustainable Development Principles by Herman Daly 

(Source: Beyond the Limits, Meadows et.al.) 
1. For a renewable resources-- soil, water, forest, fish, --the sustainable rate of use can be no greater than 

the rate of regeneration (For instance, in the sustainable use of fish, the rate of fishing should not 
exceed the rate of the reproduction of the same species.) 

2. For a non-renewable resource -- fossil fuels, high-grade mineral ore, fossil groundwater-- the 
sustainable rate of use can be no greater than the rate at which a renewable resource, used sustainably, 
can be substituted for it. (For instance, sustainable use of oil may include automatic investment of a 
part of profits related to oil use into solar collectors and tree-planting projects, so as to ensure the 
availability of a comparable quantity of renewable energy even after the depletion of oil reserves.) 

3. For a pollutant the sustainable rate of emission can be no greater than the rate at which the pollutant 
can be recycled, absorbed, or rendered harmless by the environment. (For instance, discharge of 
wastewater into lakes and streams cannot be sustainable unless the rate of discharge allows the aquatic 
ecologies there to assimilate the nutrients.) 

 
“The Four System Conditions” by The Natural Step 
(Source: Rule Book for Japan’s Regeneration: The Natural Step and a Sustainable Society, Sachiko Takami 
The Four System Conditions... Reworded as The Four Principles of Sustainability 
In a sustainable society, nature is not subject  
to systematically increasing: 

To become a sustainable society we must... 

1. concentrations of substances extracted from 
the earth's crust 

1. eliminate our contribution to the progressive buildup 
of substances extracted from the Earth's crust  
(for example, heavy metals and fossil fuels) 

2. concentrations of substances produced  
by society 

2. eliminate our contribution to the progressive 
buildup of chemicals and compounds produced by 
society (for example, dioxins, PCBs, and DDT ) 

3. degradation by physical means 

3. eliminate our contribution to the progressive 
physical degradation and destruction of nature and 
natural processes (for example, over harvesting forests 
and paving over critical wildlife habitat); and 

4. and, in that society, people are not subject 
to conditions that systemically undermine 
their capacity to meet their needs 

4. eliminate our contribution to conditions that 
undermine people’s capacity to meet their basic 
human needs (for example, unsafe working conditions 
and not enough pay to live on). 

 
Declaration at Ishigakijima (International Symposium on Sustainable Energy & Materials 2007)  
Three principles in the area of resource use: 
･Resource Conservation  
･Environmental Protection  
･Regional and Generational Equity  

Four practices in the area of resource use 
･Use minimum quantity(Reduce) 
･Use completely (Reuse) 
･Circulate as many times as possible (Recycle) 
･Use abundant resources (Replace) 
 
 
 



(4) 
 

 
Factor 10 by Schmidt-Bleek 

To create a sustainable economy, use of natural resources by developed countries needs to be 10 times as 
efficient as present levels.  
MIPS (Material Input Per Service unit) is the indicator assessing the practices toward that goal.  
MIPS=Resource input1/unit service  
 (1. Resource input throughout the lifecycle including the “hidden flow of materials”)  
 
Basic Environment Plan (Second Version)  
Our socioeconomic activities need to operate in the following direction to the maximum extent possible:  
･Renewable resources should be used within a level that allows their reproduction over the long term;  
･Non-renewable resources should be used within a level that allows their use to be substituted by other 

materials or energy sources;  
･Environmental impact from human activities should remain within the capacity of the environment to 

restore itself;  
･The level of human activity should be within the ecosystem’s capacity to maintain its function; and  
･Irreversible biodiversity loss, such as the extinction of species and local populations, should be avoided. 
 
Basic Principles of the Cyclical Use and Disposal of Circulative Resources under the Basic Act on 
Establishing a Sound Material-Cycle Society 

A Sound Material-Cycle Society means “a society in which the consumption of natural resources will be 
conserved and the environmental load will be reduced to the greatest extent possible, by preventing or 
reducing the generation of wastes, etc. from products, etc., by promoting proper cyclical use of products, 
etc. when these products, etc. have become circulative resources, and by ensuring proper disposal of 
circulative resources not put into cyclical use.” (Article 2)  
Waste hierarchy: 
(1) Reduced waste generation (2) reuse (3) reclaim (4) heat recovery (5) proper disposal  
(Articles 6 and 7)  

 
(The EU’s Waste Framework Directive, revised last year, defines the waste hierarchy of: (1) prevention, (2) 
preparing for re-use, (3) recycling, (4) other recovery, e.g. energy recovery, and (5) disposal.) 
 
Material flow indicators under the Fundamental Plan for Establishing a Sound Material-Cycle Society 
Indicators for setting quantitative targets:  
･Resource Productivity=GDP/ Natural resources and the like input  
･Cyclical Use Rate=Amount of cyclical use/(Amount of cyclical use + natural resources input)  
･Final Disposal Amount 

Supplementary indicators for setting quantitative targets include the resource productivity per natural 
resources input, excluding earth and rock resources input.  

Indicators to monitor changes include Total Material Requirement, or TMR.  
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Flows of Construction Minerals (Nationwide) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Clay, etc.

Limestone 

Coal  

Fuels Waste plastics, etc. 

Raw materials Blast-furnace slag 

 Coal ash 

Gypsum as a byproduct 

Sludge 

Incineration ash, etc. 
(Including those recycled 
 into Eco-cement) 

 

Waste, by-products 

Cement production

Fuel-derived CO2:      21

Limestone-derived CO2:  30

Export 

Solidifier 

Sand, small 
stones 

Crushed stones
(inc. limestone) Concrete

Buildings

Civil engineering
 structure 

Waste concrete 

Aggregate 

Accumulation 

Accumulation 

Aggregate for asphalt 
Paving, etc. 

Blast-furnace slag 
Molten ash slag, etc. 

Accumulation 

[1] [2] [3]

[1]

[2] Recycling of 

waste concrete 

[3] 

171 

350 

74 

16 Productions68 
7

10

395

149

544 
37%

63%

Emissions 32 

[2][3]

57 

In million tons/year 
For 2007 (Partly from 2005 and 2006) 

31 

‧ Limestone-derived CO2 is generated 

from the following process: 

CaCO3→ CaO + CO2 

 
Calcium carbonate  Quicklime 
(limestone)        (major component of cement) 

‧Limestone-derived CO2 emissions have 

been reduced by using CaO-rich waste 

and byproducts to produce cement. 

◎Market share of Tokyo 

Category 
% of Japan’s 

Total  

Construction cost (% of completion basis) : Buildings 12.9%
Construction cost (same) :       Civil Engineering 9.7%
Quantity of waste concrete produced 7.8%

6 

Landfill

0.6

(aggregate） 

(Fine powder) 

(Fine powder)  

・A total of 98% of waste concrete was 

recycled, mostly by method [1]. 

・[2] has been practiced since June 2009, 

as part of “Tokyo Super Eco-Town.” 

・[3] has not been put into commercial 

operation yet. 
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Sources of the Statistics:  
Quantities of sand, small stones, crushed stones, aggregate and recycled aggregate: 2006 data from “Major Trends in the Aggregate Industry in 
Japan” by METI  
Consumption of limestone, clay and others to produce cement, and cement production: 2007 data from “Annual Survey on Ceramics and 
Building Materials” by METI 
Consumption of coals to produce cement: 2007 data from “Comprehensive Statistics on Energy” by METI 
Consumption of waste and byproducts to produce cement: Cement Handbook 2008 by Japan Cement Association  
Cement exports: 2007 data from Trade Statistics by the MOF  
Demand for cement-based solidifiers: 2007 data from the website of the Japan Cement Association 
CO2 emissions: 2007 data from the “Results of the Fiscal 2007 Follow-up to the Keidanren Voluntary Action Plan on the Environment” by 
Nippon Keidanren (Japan Business Federation) 
Cement usage ratio between buildings and civil engineering: Ratio from the 2006 data in the “Annual Statistics on Ready Mixed Concrete” by 
METI 
Construction costs on a percentage of completion basis: 2007 data from the “General Statistics on Construction Works” by the Ministry of 
Land, Infrastructure, Transport and Tourism (MLIT) 
Waste concrete produced and disposed of: 2005 data from the “Survey on Construction Byproducts” by MLIT and TMG 
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Resource Flows, GHG Emissions, and Resource Extraction 
 
◎Flows of biomass resources  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key statistics (As of Fiscal 2007 unless otherwise specified; the same hereinafter) 

 Paper & Cardboards Wood Products Food  

Domestic resources Woods: 19.32 million m3 56.32 Mt 

Imports Woods:  64.57million m3 51.75 Mt 

Domestic consumption 31.39 Mt 47.72 million m3  106.60 Mt 

Material recycling (collected) Used paper: 23.31 Mt N.A.  Food waste, etc.: 6.80 Mt

Extraction-related environmental impact 

Ecological footprint* 

(Ratio to domestic bioproductive areas) 

Forest areas: 

35.35 million ha 

(141%) 

Farmlands& grazing lands

20.61 million ha 

(420%) 

GHG emissions from production  

(Domestic only; after power-related 

reallocation, incl. CH4 and N2O) 

Paper and pulp production:

26.47 Mt-CO2 
N.A. 

Agriculture, forestry, fishery, and 

food production: 

55.62 Mt-CO2 
Sources: Demand/Supply Data for Wood (MAFF), Demand/Supply Data for Food(MAFF), Historical Collection Rates of 
Used Paper Products (Paper Recycling Promotion Center), Statistics on Pulpwood (Japan Paper Association), Survey on Food 
Recycling, etc. (MAFF), and the Website of the National Institute of Environmental Studies 
 
* Ecological footprint here is from data up to 2000 in a survey by MLIT. The domestic bioproductive areas for forests include 
natural forests (representing 53% of all forests in the country).  

 

◎Features of biomass resources 
(1) Renewable resources; absorb CO2when reclaimed  
(2) Heavily dependent on imports (77% of wood; 49% of food) 
(3) Thermal recycling, as well as material recycling  

Forests

Agricultural 
products, etc.

Paper/cardboard
CO2 

Wood products

Printing, etc.

MR

MR

TR 

TR 

Fossil fuels

CO2

Fossil fuels 

Human 
waste, etc.

MR

TR 

Fertilizer 

Landfill

MR: Material recycling; TR: Thermal recycling 
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◎Flows of Plastic Resources 
 

 

 

 

 

 

 

 

 

 

 

Key statistics 
Petrochemical raw material (naphtha)  49.50 million kL

Plastic production 14.20 Mt 

Domestic consumption 11.03 Mt 

R
ecycling type 

Material recycling  1.48Mt (16%) 

Chemical recycling  0.29 Mt (3%) 

Thermal recycling 4.81 Mt (52%) 

No recycling (simple incineration, landfill) 2.71Mt (29%) 

 
CO2 emissions per unit 

Sources: “Basic Knowledge on Plastics” (Plastic Waste Management Institute: PWMI), Annual Statistics on the Chemical 

Industry (METI), Survey Report on LCI Data of Petrochemical Products (PWMI), Study on Environmental 

Impacts of Plastics Product Recycling by Method (Japan Containers and Packaging Recycling Association)  

 

◎Features of plastic resources 
(1) Non-renewable, exhaustible resources 
(2) Supply of the raw materials depends on import. 
(3) In addition to material recycling, chemical and thermal recycling are also possible. 

 Production 
(kilo tons) 

Extraction to 

Resin Production

Simple 

Incineration

･Production (total of the 5 types) :9.17 Mt
(65% of total plastics production) 
･ CO2 emissions (total of the 5 types) 

Processes up to resin production: 
 13.80Mt-CO2 

If all those produced are simply 
 incinerated:    25.30Mt-CO2 

Low-density polyethylene 1,878 1.52 3.143
High-density polyethylene 1,135 1.33 3.143
Polypropylene 3,087 1.48 3.143
Polystyrene  

(for molding) 
908

1.92 
3.385

Vinyl chloride resin  2,162 1.45 1.408

CO2

TR 

Landfill

MR: Material recycling; TR: Thermal recycling

C
oals, etc. 

C
rude oil 

Fossil fuels 

Naphtha 
Basic 

petrochemical
products 

Plastics  
products, etc.

Plastics 
(Resins) 

MR
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◎Flows of metal resources (Steel) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Key statistics (Steel) 
Iron ore consumption 138.88 Mt 

Coking coal consumption 58.20 Mt 

Limestone consumption (incl. for 

nonferrous smelting) 
25.54 Mt 

Steel scrap consumption (converters) 12.94 Mt 

Steel scrap consumption (electric furnaces) 32.09 Mt 

Crude steel production (converter steel) 90.55 Mt 

Crude steel production (electric furnace 

steel) 

30.96 Mt 

GHG emissions from production  

(Domestic only; after power-related reallocation) 
186.87 Mt-CO2 

Nonferrous GHG emissions    9.82 Mt-CO2 

Sources: General Energy Statistics (METI), Resource Energy Statistics (METI), Websites of the Japan Ferrous Raw 

Materials Association and National Institute of Environmental Studies. For the calculation of CO2 emissions, 90% 

of the emissions associated with the use of limestone and dolomite are deemed steel-related. 

 

◎Features of metal resources 
(1) Non-renewable resources. This does not mean elements will disappear; they will be dissipated.  
(2) The supply of raw materials largely depends on import.  
(3) Some metal types have extremely high TMRs.  
(4) Large proportion of GHG emissions comes from material production processes. 

CO2Iron ore 

Coaking 
coals 

Limestone 

Furnace 
Manufactur

ers 
Steel products

Machinery, 
buildings, etc. 

Electric 
Furnace 

Manufactur
Steel products Buildings, etc. 

Coke-oven gas, etc.

Landfill

Converter

Electric 
furnace 

* 

* Slag Materials for cement production, engineering works 

TMR of Japan’s imported metal 
resources: 

Approx. 2.1 billion tons 
(Fundamental Plan for Establishing a 
Sound Material-Cycle Society) 



 

 

 

 

 

 

 

Glossary  
（in Japanese kana order） 

 



 I

EPR (Extended Producer Responsibility)  
EPR means extended responsibilities of producers that include responsibility for the 
after-production stage in the product lifecycle, aimed at promoting the development of 
environmentally responsible products. The concept of EPR is incorporated in the Basic Act on 
Establishing a Sound Material-Cycle Society, which aims to promote the recycling of products and 
containers and specifies that it is the business operators’ responsibility to collect and recycle 
end-of-life products and used containers, as well as to reduce and appropriately dispose of the waste 
generated.  
 
Ecological footprint  
Ecological footprint is an indicator used to analyze and evaluate the level of resource consumption 
from human activities, represented as the size of the area required to maintain the current level of 
resource usage. 
1) Forests necessary to absorb the CO2 emitted in the consumption of fossil fuels 
2) Land area used as roads, buildings, and similar.  
3) Cropland and grazing land necessary for food production  
4) Forests necessary for paper, lumber and other related production  

According to an estimate by the Global Footprint Network, an environmental nongovernmental 
organization and active promoter of the ecological footprint, the global ecological footprint in 2005 
was 17.5 billion hectares (2.7 hectares per person), exceeding the total bioproductive area of 13.6 
billion hectares (2.1 hectares per person). The ecological footprint of every person in Japan was 4.9 
hectares. 

This means that if humanity wants to continue the present level of resource consumption, the 
Earth would need to be 1.3 times its current size (2.7 ÷ 2.1). If global resource consumption grows 
to the same level as Japan’s current consumption and the world population grows to 1.4 times its 
present level, then the Earth would need to be 3.3 times its current size (4.9 ÷ 2.1 × 1.4).  
 
Greenhouse Gas (GHG) inventory   
An emission inventory is a list describing how much of a substance (e.g., an air pollutant or a 
hazardous chemical substance) has been emitted from where during a certain period. 

A GHG inventory is a type of emission inventory, showing the emission and absorption of carbon 
dioxide (CO2) and other gases that cause global warming (collectively called greenhouse gases, or 
GHGs) by emission source/sink type. Unless otherwise specified, a GHG inventory usually refers to 
a national greenhouse gas inventory, indicating the nation’s annual net GHG emissions and 
absorption.  

Countries ratifying the Kyoto Protocol under the United Nations Framework Convention on 
Climate Change (UNFCCC) are required to develop and disclose their respective GHG inventories 
in accordance with the IPCC Guidelines for National Greenhouse Gas Inventories. Whether a nation 
has achieved or failed to achieve the emission reduction target under the Kyoto Protocol is assessed 
based on the country’s GHG inventory data.  

 
Carbon Footprint (CFP)  
CFP represents the CO2-equivalent (in grams) of the total GHG emissions from the entire 
production of a product (such as a food or daily product), from raw material procurement, to 
manufacturing, distribution, sale, use, and disposal. It is a tool to visualize a product’s CO2 
emissions, using the Life Cycle Assessment (LCA) methodology.  

Following the UK and other early adopters, Japan has introduced a CFP system. In March 2009, 
the Ministry of Economy, Trade and Industry released the “Guidelines for a Carbon Footprint 
System,” based on which each industry has been working to formulate its Product Category Rule 
(PCR). 

Currently, the International Organization for Standardization (ISO) is working to create an 
international standard for CFP, which is scheduled to be issued in 2011.  
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Open recycling and closed recycling 
“Open recycling” or “cascade recycling” is a recycling process where waste materials are not used 
to produce the same products, but to produce lower grade products. Most of the waste materials 
collected for recycling are of lower quality than when they were brand new, mainly because 
materials are stained, or other materials are mixed in with the products. Such downgraded waste 
materials are thus unlikely to be recycled into the same products as before; they are often turned 
into raw materials for products that can accommodate lower quality. 
“Closed recycling” refers to a recycling process where the materials in used products are used again 
in the original manufacturing process. It is also called “horizontal recycling” or “closed-loop 
recycling.” If the product resulting from the recycling process is different from the original product, 
the process is known as open recycling.  
 
Chemical recycling  
Chemical recycling is a recycling method where used resources are recycled after changing their 
composition by a chemical reaction.   
 
Non-renewable resources   
Non-renewable resources are resources that cannot be reproduced by natural systems at a faster rate 
than they are consumed. For instance, fossil fuels are created in a process that takes millions of 
years and mass production by artificial processes is quite difficult.  
 
Servicizing 
Servicizing means delivering services to consumers directly based on a contract, rather than doing 
so indirectly through the conventional process of selling physical products. It enables businesses to 
reduce their environmental impact without compromising the added value for their customers.  
 
Renewable resources   
Renewable resources collectively refer to resources that are regenerative by the Earth’s natural 
ecosystems, as opposed to fossil-derived resources such as petroleum and coal, which are finite and 
may be depleted. If the growth in nature’s regenerative capacity of a certain resource can keep up 
with the pace of consumption of the resource by human activities, the resource is renewable. Take 
energy resources for example. Fossil fuels, formed over many geological eras, are considered 
exhaustible (non-renewable) resources, because even though their forming reactions (such as oil 
turning into coal) are actually happening now deep underground on a minimal scale, we are 
consuming these resources at a much faster pace. Inorganic mineral resources and other raw 
material resources are usually not considered to be renewable resources, with the exception of water 
resources and salt from seawater and other special materials. Technically, mineral resources can be 
considered renewable at the element level, but in practice, a massive amount of costs and energy are 
often needed to recover and isolate them for recycling, and thus they cannot be categorized as 
renewable resources.  
 
Recyclable resources/recycled materials  
In this Report, the term is used in opposition to the term “natural resources,” meaning “Used 
Products, etc. or by-products that are useful and are available or can be made available as raw 
materials.” (Act on the Promotion of Effective Utilization of Resources). 
 
Hoarding of resources  
Hording of resources is a tangible form of resource nationalism by the use of various methods, such 
as export restrictions, favoring domestic supply, limiting the participation of foreign companies in 
bidding for energy projects. Resource nationalism is a country’s movement to put all natural 
resource reservoirs in the country under its control and develop and exploit them for its own ends. 
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Depletion of resources  
In this Report, depletion refers to the situation where that part of a resource that can be 
economically recovered by using existing technologies, or recoverable reserves, is nearly exhausted, 
making it difficult to use the resource. Depletion risks for mineral resources vary, because the 
abundance of an element in nature is different depending on the resource type, the geographical 
distribution of a resource is concentrated in certain areas, and individual socioeconomic factors also 
affect the situation. Regardless of the resource type, reservoirs of mineral resources on this planet 
are all finite. If used at a level exceeding the regenerative capacity of the natural ecosystem, 
biological resources, even though they are renewable resources, will also be on the verge of 
depletion eventually. 
 
Vein    
In a human body, arteries convey fresh blood to the organs and veins convey the blood from the 
organs back to the heart. Metaphorically, industries that produce products from raw materials and/or 
distribute such products are called the “Artery Industry,” while those industries that collect, 
transport, process/dispose of, and recycle waste are called the “Vein Industry.” 
 
Dematerialization 
Reducing the quantities of resources required, or moved, to produce goods and service. In other 
words, dematerialization is about increasing resource productivity. 

Generally, resource productivity is calculated by dividing the amount of products, or the goods 
and services produced by a company, an industry, or a country by the amount of resources required, 
or moved, for that purpose. It is considered that dematerialization of our economies is necessary to 
create a sustainable society. 

  
Total Material Requirement (TMR)     
TMR refers to material flows including hidden non-economic materials such as soil involved in 
mining processes. It is the totality of direct material input, indirect material input, and hidden 
material flows (i.e., the net of materials extracted from the environment in the course of economic 
activities and the materials discarded into the environment without being used). It represents the 
quantity of materials extracted from the domestic and international environments for the purpose of 
economic activities, or the magnitude of change in the environment resulting from such extraction.  

A similar concept is the Ecological Rucksack, an indicator expressing how much material by 
weight is moved in order to produce a certain product or material. The concept was proposed in 
1994 by Schmidt-Bleek, then of the Wuppertal Institute, to describe the Material input per service 
unit (MIPS), the aggregated materials across the whole life-cycle of a product associated with its 
final target: service.  

 
Final demand in Tokyo; Final demand    
Products produced in various industries (e.g., agricultural products) are used as materials for 
production in other industries (e.g., ingredients for packaged food products); or consumed as final 
products by end consumers (e.g., ingredients for home meals). Demand for products as materials for 
further production is called intermediate demand, while demand for products as final products or 
fixed capital such as buildings is called final demand. The totality of intermediate and final demand 
is the aggregate demand.  

The “final demand in Tokyo” refers to the consumer expenditures and fixed capital formation in 
Tokyo.   

 
 
Waste, etc.   
In the Basic Act on Establishing a Sound Material-Cycle Society, “waste, etc.” are those listed 
below: 
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(i) Waste; 
(ii) Articles previously used, articles collected without having been used, or articles disposed of 
(excluding those currently in use); or articles derived incidentally in the course of manufacturing, 
processing, repairing, or selling products, in supplying energy, in construction in civil engineering 
and architecture, in agricultural and livestock production, and in other human activities (excluding 
waste listed in the preceding item, radioactive substances, and things contaminated by radioactive 
substances). 
 
Factor X    
Factor X is a proposition to increase resource productivities by “X” times to create a sustainable 
society. The value of “X” should be the environmental efficiency target.  
   In his book published in 1993, Schmidt-Bleek, then of the Wuppertal Institute, proposed “Factor 
10,” arguing that for the next 50 years, the economies of wealthy nations need to increase their 
resource productivity by 10 times, in order to halve the world’s material flows, while enabling 
people in the world to have an equitable right to access resource use. “Factor Four” proposed by the 
Club of Rome in 1992 is also famous. Targeting improvements in environmental efficiency by four 
or ten times, these concepts aim to increase resource productivity and reduce environmental impact, 
and ultimately create a sustainable society.  
 
Material leasing  
In a material leasing system, material resources are “leased” to consumers and eventually come 
back to the resource manufacturers, with the aim of promoting efficient recycling and appropriate 
waste disposal.  

 
Minor metals  
As opposed to major metals, minor metals are metals that are rare on Earth, or difficult to extract for 
technological or economical reasons, which are also in demand and will continue to be in demand 
for industrial use, or are expected to be in demand for new applications made possible by  
technological breakthroughs in the future.  

It should be noted that the achievement of sophisticated technological breakthroughs considered 
necessary to achieve the reduction of GHG emissions often requires the use of minor metals and 
other precious resources. 
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Fuji Tokoha University 

 Seiji Hashimoto Senior Researcher, National Institute for Environmental Studies  

● Eiji Hosoda Professor, Faculty of Economics, Keio University 

 Yasunari Matsuno Associate Professor, School of Engineering, the University of Tokyo  
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Charter of Panel for New 3Rs Strategy 
 
(Establishment) 
Article 1 Panel the New 3Rs Strategy (hereinafter, the “Panel”) is established to seek opinions from expert perspectives in 
deliberating on the creation of a new society with a sound material cycle, which integrates global warming mitigation and other 
measures. 
 
(Areas of responsibility) 
Article 2 The Panel conducts a comprehensive study on how a new society with a sound material cycle should exist, which 
measures should be implemented to create such a society, and other related matters, and reports to the Head of Waste 
Management Division, Bureau of Environment, the Tokyo Metropolitan Government (hereinafter, the “Division Head”) .  
 
(Composition) 
Article 3.1 The Panel consists of five or fewer Panel members, who are academic experts and other individuals with expert 
knowledge.  
3.2 In addition to the members specified in the preceding clause, an ad-hoc member(s) may be appointed when deemed 
necessary.  
3.3 The Panel members and ad-hoc members will be appointed by the Division Head. 
 
(Term of Panel members) 
Article 4.1 The term of office of the Panel members is until March 31, 2010, provided that the reappointment of existing 
members is not precluded. The term of office of Panel members appointed to fill a vacancy, if any, will serve for the unexpired 
term of their respective predecessors.  
4.2 The term of office of any ad-hoc members is determined as the necessary period for their respective appointment. 
  
(Chair) 
Article 5.1 The Panel has a chairperson.  
5.2 The chair should be an academic expert, appointed by the Division Head. 
5.3 The chair represents the Panel and manages the administration of the Panel.  
 
(Deputy chair) 
Article 6.1 The Panel has a deputy chairperson.   
6.2 The deputy chair will be appointed from among the Panel members by the chair. 
6.3 In the event that an incident prevents the chair from performing his/her duties, the deputy chair will substitute for the chair.  
 
(Convocation, etc.） 
Article 7.1 Panel meetings are convened by the chair.  
7.2 If judged necessary, the chair may request the attendance of members of stakeholder organizations and others to listen to 
their comments and/or explanations. 
 
(General affairs) 
Article 8 General affairs pertaining to this Panel are handled by the Planning Section, Waste Management Division, Bureau of 
Environment, the Tokyo Metropolitan Government. 
 
(Others)  
Article 9 In addition to matters stipulated in this Charter, matters necessary for the operation of the Panel are determined by the 
chair.  
 

Supplementary provision 
This Charter came into effect on March 16, 2009.  

 



Summary of Panel Meetings 
 

No. Date Agenda Discussed 

1 March 27, 2009  

(1) Fundamental ideas on a future strategy for cyclical resource use  

(2) Measures to promote the “visualization” of CO2 emissions reduction by 

implementing the 3Rs.   

<External comments for reference> 

Seigo Higashi, Head of the Business Support Division, Recycle One, Inc 

2 June 4, 2009 

(1) Fundamental ideas on future strategy for cyclical resource use  

(2) Measures to promote the “visualization” of CO2 emissions reduction by 

implementing the 3Rs.   

3 July 2, 2009 

(1) 3Rs of metal resources and the efficient use of resources  

(2) 3Rs strategy for cement and civil engineering resources 

(3) Fundamental ideas regarding a future 3Rs strategy 

<External comments for reference> 

Kohmei Harada, Managing Director of the Innovative Materials 

Engineering Laboratory, National Institute for Materials Science 

4 July 28, 2009 

(1) 3Rs strategy for cement and civil engineering resources 

(2) 3Rs strategy and reducing the extraction of natural resources and GHG 

emissions 

<External comments for reference> 

Hiroshi Obana, Deputy Director, Research & Development Center, 

Taiheiyo Cement Corporation 

5 August 31, 2009 Summary 

6 September 29, 2009  Summary 

 



   Development of an Integrated Strategy for the Sustainable Use of Resources— Reducing the extraction of natural resources, greenhouse gas emissions, and final waste disposal— 
Summary of the Report by Panel for New 3Rs Strategy  

 
Role of the Panel 
・ TMG has been promoting the 3Rs and other programs to achieve its goal of “Creating a new urban model to fight the climate change crisis and resource depletion,” under the Tokyo Metropolitan Environmental Master Plan, formulated in 2008. 
・ To implement efforts to create a low-carbon society and a society with a sound material cycle in an integrated manner, the TMG launched a Panel for New 3Rs Strategy to obtain opinions from broad perspectives. 

Introduction (p. 1) 
・ Tokyo’s final waste disposal has decreased approx. 60% over the past 10 years thanks 

to efforts by citizens and businesses, etc., while TMG has aggressively implemented 
pioneering policies ahead of national initiatives to address the global environmental 
issues that are threatening our survival, to create a low-carbon urban city. 

・ However, the climate change crisis and resource constraints are posing great challenges 
on a global scale.  

・ The Panel discussed the desirable future direction of policies and measures pertaining 
to the sustainable use of resources from a global perspective, aiming to create a 
sustainable society. 

Chapter 1 Current Status and Challenges in the Use of Resources (pp. 2–9) 
1 Current status of the use of resources 
・ Japan’s annual resource use is 1.79 billion tons, 44% of which are imports, and only 

12% are recycled materials.   
・ A study of Japan’s material flows reveals a dependence on natural resources, large 

GHG emissions, and the risk of growth in final waste disposal volumes.  
・ In the future, the growth of the world’s population and rapid economic growth in the 

BRICs and other economies may increase the overall global use of resources and result 
in a depletion of resources.  

2 Issues around the use of resources 
(The following three issues need careful consideration) 

(1) Natural resource extraction 
・ Issues around the extraction of natural resources are twofold: environmental impact 

and the supply of the resources themselves. 
・ Accurate information on these issues and a comparison with the use of recycled 

materials is important but not sufficiently available.  
(2) GHG emissions 
・ Increased resource use may lead to increased GHG emissions, resulting in a 

worsening of the climate change crisis.  
・ Use of recycled materials may reduce GHG emissions but there is insufficient 

information sharing on the benefits.  
(3) Final waste disposal 
・ Final waste disposal has been reduced, but further progress is needed given Japan’s 

land use status.  

3 Issues by resource category 
・ Biomass resources such as wood are renewable but depend heavily on imports. 
・ Fossil-derived resources such as plastics are non-renewable and exhaustible, and depend 

heavily on imports. 
・ Challenges with metal resources such as iron and copper include the risk of using up 

reserves and the large environmental impact, e.g., massive dumping of unused rock and 
CO2 emissions during extraction and production.  

・ Challenges with ceramic, soil/rock resources: possible demand shortage for recycled 
materials and large CO2 emissions during production (e.g. cement, etc.).  

Chapter 2  Basic Approach to Strategy for the 
Sustainable Use of Resources (pp. 10–11) 

1 Principles of sustainable resource use and integrated 
strategy  

・ We have no choice but to achieve the sustainable use of 
resources, based on the following principles: 

(1) Renewable resources should be used to the maximum 

extent possible, and should be used within a level that 

allows for their renewal in the long term;  

(2) If unavoidable, non-renewable resources may be used 

within a level that allows them to be substituted by other 

materials or energy sources; and  

(3) Environmental impact from human activities should 

remain within the capacity of the environment to restore 

itself. 

・ To achieve sustainable resource use, it is necessary to 
develop a new strategy for the sustainable use of 
resources with the aim of reducing the extraction of 
natural resources, GHG emissions, and final waste 
disposal with an integrated approach. 

 

2  Tokyo’s responsibilities  

・ Tokyo is a high-consumption megacity and a hub of 
networks where people, goods, and information flow in 
from all over the world and its initiatives to promote the 
cyclical use of resources can and should play an 
important role. 

・ To fulfill this role effectively, it is important to 
assess the lifecycle-wide environmental impact 
associated with use of resources in Tokyo, irrespective of 
the place where the impact is felt.      

・ As the basis of assessing the input of natural resources, 
GHG emissions, and final waste disposal, the final 

demand in Tokyo calculated from an analysis of an 

inter-industry analysis would be useful. These possible 

actions need to be studied further. 

 

Chapter 3  Specific Direction of Strategy on the Sustainable Use of Resources 
 (pp. 12–19) 
1  Approaches to both artery and vein processes 
・ While the term “reduction” is generally interpreted as a reduction in the generation of 

waste, it should rather be considered as minimization or optimization of the use of 
resources. 

・ It is important to promote the cyclical use of resources in line with the basic priorities in 
the order reuse, materials recycling, and thermal recycling. 

・ On the artery side, it is important to promote a shift in the choice of raw materials to the 
use of renewable resources, and to highly functional materials made from elements with 
less availability constraint. 

2 Reducing the extraction of natural resources 
—Promoting the cyclical use of metals and other natural resources— 

・ TMR and ecological footprints are important for metal resources and biomass resources, 
respectively. 

・ To ensure a consistent supply of metal resources and to reduce the environmental impact 
associated with resource extraction, we need to encourage the development of 
easy-to-separate-and-recycle product designs and develop a mechanism to collect 
discarded small electronic devices, etc. 

・ It is also important to promote the cyclical use of other beneficial elements, such as 
phosphorus, which is necessary for food production but which is supplied entirely by 
imports.  

 
3. Reducing GHG emissions 

—Visualizing avoided GHGs from the cyclical use of resources— 
・ To establish how recycled materials can bring reductions, it is important to consider 

introducing a mechanism to make reductions in GHG emissions from the cyclical use of 
resources in the vein processes visible. 

・ It is necessary to formulate common calculation rules for reductions in GHG emissions 
from the cyclical use of resources, and to facilitate appropriate evaluation for recycling 
vendors’ activities and more active implementation of recycling programs by Tokyo’s 
wards and municipalities.  

4. Reducing final waste disposal  
—Response to the declining demand for recycled materials with the maturation of 
cities— 
As cities mature, improvement projects are likely to outnumber construction starts; and 
the production of waste concrete is likely to exceed the demand for recycling.  
To prevent this scenario, it is necessary to extend the useful life of buildings and 
structures as well as to expand recycling “from building construction to building 
construction.”  

Towards 2050 (p. 20) 
・ We need to establish a vision for 2050 that defines the ideal way of using resources, and 

use it as a guide to reducing the extraction of natural resources, GHG emissions, and final 
waste disposal. 

・ Now is the time to move toward with dematerialization and dramatically improve 
resource productivity. 

・ Toward 2050, citizens, businesses, and governmental organizations in Tokyo must think 
globally and start to take actions in their daily activities with strong awareness and 
commitment to achieving sustainable resource use. 
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