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Containers and Packaging Recycling Act, 1995

Targets: Steel cans, Aluminum cans, Glass bottles, 
Cardboard, Paper cartons, Paper containers and packaging, 
Plastic bottles, Plastic containers and packaging 

Responsibilities of different entities 

Consumers’ responsibility: Sorted disposal 

Municipalities’ responsibility: Sorted collection 

Business operators’ responsibility: Recycling

Flows of recycling costs and containers and packaging
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Source: MOE, FY2010 Results of Sorted Collection and Recycling of Waste by Municipalities Based on the Containers and Packaging Recycling Act

Source: Compiled from a figure on the website of the Japan Containers and Packaging Recycling Association

Responsibilities of different entities
(1) Consumers' responsibility: Sorted disposal
　Consumers carefully sort and dispose of waste in 
compliance with the standards for the sorted 
collection of container and packaging waste 
established by municipalities. They also reduce waste 
generation by using their own shopping bags instead of 
plastic bags received from the store, or by choosing 
plain-wrap products.

(2) Municipalities' responsibility: Sorted collection
　Municipalities sort and collect container and 
packaging waste disposed of by households and 
deliver it to recycling operators. Based on five-year 
plans for the sorted collection of container and 
packaging waste, municipalities also promote the 
sorted collection of such waste in areas under their 
jurisdiction, as well as collaborate with business 
operators and residents to reduce the disposal of 
container and packaging waste in these areas.

(3) Business operators' responsibility: Recycling
　Business operators are obligated to recycle 
containers and packaging that were manufactured or 
imported, or that were used in their business 
operations. Actually, business operators outsource 
recycling operations to corporations designated by the 
Containers and Packaging Recycling Act and cover the 
recycling costs in order to fulfill their obligation. In 
addition to recycling waste, business operators must 
also reduce the generation of container and packaging 
waste by reducing the thickness and weight of 
containers and packaging, by charging fees for plastic 
shopping bags received from the store, and by using 
returnable containers.

Results achieved by the initiatives
　Container and packaging waste sorted, collected, 
and recycled has increased in amount (see the figure on 
the right). The final disposal amount of municipal waste 
has continued to decrease from year to year, while the 
residual time for municipal waste landfills has greatly 
increased from 8.5 years at the time of the enactment 
of the act (1995) to 19.4 years (2011). 

　Container and packaging waste comprised a large percentage of waste that continued to rapidly increase in amount, accounting for 
60% of household waste in terms of volume and approximately 30% in terms of weight. Although it was technologically possible to 
recycle container and packaging waste, such waste was hardly ever recycled. Against this background, to reduce the generation of 
container and packaging waste and to minimize the total amount of waste by promoting recycling, it was necessary to develop a new 
system that included consumers and manufacturers. In light of these circumstances, the Act on the Promotion of Sorted Collection and 
Recycling of Containers and Packaging (Containers and Packaging Recycling Act) was enacted in 1995.
　The Containers and Packaging Recycling Act specified the respective roles of consumers, municipalities, and business operators 
(container manufacturers and business operators that sell products using containers and packaging). The act placed the responsibility 
for sorted waste disposal on consumers, the responsibility for sorted waste collection on municipalities, and the responsibility for 
recycling on business operators, in order for these three entities to work together to promote the recycling of containers and 
packaging. The most important characteristic of the Containers and Packaging Recycling Act was that it adopted the concept of 
extended producer responsibility (EPR) for the first time in Japan to impose physical and financial responsibility for waste recycling on 
business operators.

Specific recycling laws

Steel cans, aluminum cans, glass bottles
Cardboard, paper cartons, paper containers and packaging
Plastic bottles, plastic containers and packaging

Targets

■Flows of recycling costs and containers and packaging
   (example: plastic containers and packaging)
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Actual amounts of waste sorted and collected and 
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Source: MOE, FY2010 Results of Sorted Collection and Recycling of Waste by Municipalities Based on the Containers and Packaging Recycling Act

Source: Compiled from a figure on the website of the Japan Containers and Packaging Recycling Association

Responsibilities of different entities
(1) Consumers' responsibility: Sorted disposal
　Consumers carefully sort and dispose of waste in 
compliance with the standards for the sorted 
collection of container and packaging waste 
established by municipalities. They also reduce waste 
generation by using their own shopping bags instead of 
plastic bags received from the store, or by choosing 
plain-wrap products.

(2) Municipalities' responsibility: Sorted collection
　Municipalities sort and collect container and 
packaging waste disposed of by households and 
deliver it to recycling operators. Based on five-year 
plans for the sorted collection of container and 
packaging waste, municipalities also promote the 
sorted collection of such waste in areas under their 
jurisdiction, as well as collaborate with business 
operators and residents to reduce the disposal of 
container and packaging waste in these areas.

(3) Business operators' responsibility: Recycling
　Business operators are obligated to recycle 
containers and packaging that were manufactured or 
imported, or that were used in their business 
operations. Actually, business operators outsource 
recycling operations to corporations designated by the 
Containers and Packaging Recycling Act and cover the 
recycling costs in order to fulfill their obligation. In 
addition to recycling waste, business operators must 
also reduce the generation of container and packaging 
waste by reducing the thickness and weight of 
containers and packaging, by charging fees for plastic 
shopping bags received from the store, and by using 
returnable containers.

Results achieved by the initiatives
　Container and packaging waste sorted, collected, 
and recycled has increased in amount (see the figure on 
the right). The final disposal amount of municipal waste 
has continued to decrease from year to year, while the 
residual time for municipal waste landfills has greatly 
increased from 8.5 years at the time of the enactment 
of the act (1995) to 19.4 years (2011). 

　Container and packaging waste comprised a large percentage of waste that continued to rapidly increase in amount, accounting for 
60% of household waste in terms of volume and approximately 30% in terms of weight. Although it was technologically possible to 
recycle container and packaging waste, such waste was hardly ever recycled. Against this background, to reduce the generation of 
container and packaging waste and to minimize the total amount of waste by promoting recycling, it was necessary to develop a new 
system that included consumers and manufacturers. In light of these circumstances, the Act on the Promotion of Sorted Collection and 
Recycling of Containers and Packaging (Containers and Packaging Recycling Act) was enacted in 1995.
　The Containers and Packaging Recycling Act specified the respective roles of consumers, municipalities, and business operators 
(container manufacturers and business operators that sell products using containers and packaging). The act placed the responsibility 
for sorted waste disposal on consumers, the responsibility for sorted waste collection on municipalities, and the responsibility for 
recycling on business operators, in order for these three entities to work together to promote the recycling of containers and 
packaging. The most important characteristic of the Containers and Packaging Recycling Act was that it adopted the concept of 
extended producer responsibility (EPR) for the first time in Japan to impose physical and financial responsibility for waste recycling on 
business operators.
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Home Appliance Recycling Act, 1998

Targets: Home air conditioners, TVs (cathode-ray tube, 
LCD, and plasma TVs), Refrigerators and freezers, Washing 
machines and dryers 

Responsibilities of different entities 

Consumers’ responsibility: Delivering waste home 
appliances to retailers and covering recycling costs 

Home appliance retailers’ responsibility: Accepting waste 
home appliances and delivering them to manufacturers 

Home appliance manufacturers’ responsibility: Recycling 
waste home appliances



Flows of recycling costs and waste home appliances

Legal Systems Regarding 
Waste Management and 3R2
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Source: Website of the Association for Electric Home Appliances

Source: Compiled from a diagram on the website of the Association for Electric Home Appliances

■Recycling rates (by product category)

　Since the period of rapid economic growth, home appliances, such as TVs, air conditioners, refrigerators, and washing machines, have 
been widely used in Japan as essential household items. Such home appliances were disposed of as bulky waste; however, proper 
disposal involved difficulties due to their size and weight. Although they contained large amounts of useful resources, including iron, 
aluminum, and glass, most home appliances were landfilled. There was also public concern over the depletion of the ozone layer by 
CFCs as well as environmental pollution by heavy metals and other hazardous substances contained in waste home appliances. Against 
this background, the Act on the Recycling of Specified Kinds of Home Appliances (Home Appliance Recycling Act) was enacted in 1998 
in order to establish a new recycling system aimed at imposing new obligations on home appliance manufacturers and retailers.
　The Home Appliance Recycling Act obligates home appliance retailers to accept four types of waste home appliances (air 
conditioners, TVs, refrigerators and freezers, and washers and dryers) from consumers (waste generators) and to deliver them to 
manufacturers; manufacturers to recycle waste products; and consumers (waste generators) to pay collection and transportation fees as 
well as recycling charges when disposing of their home appliances.

Home air conditioners
TVs (cathode-ray tube, LCD, and plasma TVs)
Refrigerators and freezers
Washing machines and dryers

Targets

Responsibilities of different entities
(1) Consumers' responsibility: Delivering 
waste home appliances to retailers and 
covering recycling costs
　Consumers (waste generators) who use home 
appliances cover costs for the collection, 
transportation and recycling of waste products.

(2) Home appliance retailers' responsibility: 
Accepting waste home appliances and 
delivering them to manufacturers
　Retailers accept end-of-life home appliances 
from consumers (waste generators) and deliver 
them to home appliance manufacturers.

(3) Home appliance manufacturers' responsibility: 
Recycling waste home appliances
　Manufacturers recycle waste home appliances 
received from retailers. When recycling waste 
products, manufacturers also recover and 
destroy CFCs used as coolants or heat 
insulators in air conditioners and refrigerators.

Results achieved by the initiatives
　Recycling rates for home appliances are as follows: 91% for air conditioners; 82% for cathode ray tube TVs; 87% for LCD and 
plasma TVs; 80% for refrigerators and freezers; 86% for washers and dryers. These rates all exceed the recycling standards 
specified in the Home Appliance Recycling Act.

■Flows of recycling costs and waste home appliances
　 (example: collection by retailers)
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Recycling Rates by product category
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Source: Website of the Association for Electric Home Appliances

Source: Compiled from a diagram on the website of the Association for Electric Home Appliances

■Recycling rates (by product category)

　Since the period of rapid economic growth, home appliances, such as TVs, air conditioners, refrigerators, and washing machines, have 
been widely used in Japan as essential household items. Such home appliances were disposed of as bulky waste; however, proper 
disposal involved difficulties due to their size and weight. Although they contained large amounts of useful resources, including iron, 
aluminum, and glass, most home appliances were landfilled. There was also public concern over the depletion of the ozone layer by 
CFCs as well as environmental pollution by heavy metals and other hazardous substances contained in waste home appliances. Against 
this background, the Act on the Recycling of Specified Kinds of Home Appliances (Home Appliance Recycling Act) was enacted in 1998 
in order to establish a new recycling system aimed at imposing new obligations on home appliance manufacturers and retailers.
　The Home Appliance Recycling Act obligates home appliance retailers to accept four types of waste home appliances (air 
conditioners, TVs, refrigerators and freezers, and washers and dryers) from consumers (waste generators) and to deliver them to 
manufacturers; manufacturers to recycle waste products; and consumers (waste generators) to pay collection and transportation fees as 
well as recycling charges when disposing of their home appliances.

Home air conditioners
TVs (cathode-ray tube, LCD, and plasma TVs)
Refrigerators and freezers
Washing machines and dryers

Targets

Responsibilities of different entities
(1) Consumers' responsibility: Delivering 
waste home appliances to retailers and 
covering recycling costs
　Consumers (waste generators) who use home 
appliances cover costs for the collection, 
transportation and recycling of waste products.

(2) Home appliance retailers' responsibility: 
Accepting waste home appliances and 
delivering them to manufacturers
　Retailers accept end-of-life home appliances 
from consumers (waste generators) and deliver 
them to home appliance manufacturers.

(3) Home appliance manufacturers' responsibility: 
Recycling waste home appliances
　Manufacturers recycle waste home appliances 
received from retailers. When recycling waste 
products, manufacturers also recover and 
destroy CFCs used as coolants or heat 
insulators in air conditioners and refrigerators.

Results achieved by the initiatives
　Recycling rates for home appliances are as follows: 91% for air conditioners; 82% for cathode ray tube TVs; 87% for LCD and 
plasma TVs; 80% for refrigerators and freezers; 86% for washers and dryers. These rates all exceed the recycling standards 
specified in the Home Appliance Recycling Act.
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Ehomaki

What is Eho-maki 
According to the old lunar calendar of Japan, February 3rd 
is the day before the first day of spring. To ward off illness 
and misfortune, on this day Japanese families scatter 
roasted soy beans inside their homes and out of every 
window and door. 

In Japanese, the day is called ‘Setsubun’ which translates as 
‘bean scattering ceremony day’. Traditionally, this is also 
the day to eat ‘Eho-maki’. 

Eho-maki are thick sushi rolls which is believed to bring 
good fortune if eaten while facing the year’s “Eho”, that is, 
good luck direction.

Eho-maki



How to eat Eho-maki

While you eat Eho-maki, you must be silent. 

Maru-kaburi-sushi (swallowing sushi) 

Traditional way to eat it: make a wish, close your eyes and 
eat the roll uncut, all while facing Eho, the year’s good luck 
direction. 

The eating of Eho-maki without cutting reflects the idea of 
forming good relationships. 

There is no time setting when to eat Eho-maki

History of Eho-maki

Some people believe that the origin of Eho-maki is a 
custom followed at the end of the Edo Period in Osaka, of 
wishing good fortune for fisherman. 

It is also believed figuratively that Eho-maki resemble a 
demon’s metal rod, and that demons can be stopped by 
eating the whole thing.



The custom of Eho-maki today

The custom of Eho-maki has spread rapidly in Japan since 
2003, when supermarkets and convenience stores began 
heavily advertising the event. 

According to a survey in 2002, only 53% of Japanese 
people were aware of what Eho-maki are, despite the long-
standing custom. 

The custom of Eho-maki: 

Mass production, (Mass) consumption, Mass disposal

Problem of Eho-maki



Food Recycling Act, 2000
Targets: Food waste, etc., Inedible residue generated in 
the manufacture and processing of food products, unsold 
or leftover food generated in the process of food 
distribution and consumption, etc. 
Responsibilities of different entities 

Food-related business operators 
Reducing food waste generation
Recycling food waste that can be used as recyclable food 
resources
Recovering heat when processing non-recyclable food waste
Taking measures to reduce food waste

Consumers 
Reducing food waste generation by improving the way food is 
purchased or cooked
Promoting recycling through the use of recycled products

System for recycling food waste
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Source: Compiled from a diagram on the Japan Food Industry Association's website

Food waste, etc.
Inedible residue generated in the manufacture and processing of food
products, unsold or leftover food generated in the process of food distribution
and consumption, etc.

Targets

Results achieved by the initiatives

Responsibilities of different entities

Consumers
●Reducing food waste generation by improving the way food is 
purchased or cooked

●Promoting recycling through the use of recycled products

Food-related business operators
●Reducing food waste generation
●Recycling food waste that can be used as recyclable food 
resources
●Recovering heat when processing non-recyclable food waste
●Taking measures to reduce food waste

　The recycling rate for recyclable food resources has continued to increase since 
2000, when the Food Recycling Act was enacted, reaching 82% in 2010. Although 
the recycling rate in the food manufacturing industry is generally high, the recycling 
rate for recyclable food resources becomes lower in the order of wholesale food, 
retail food, and the restaurant industry. One of the reasons for this is that waste 
sorting becomes more difficult in the lower reaches of the food distribution chain.

System for recycling food waste
　Food waste disposed of by food-related business operators is 
recycled into fertilizers and stock feed by recycling operators, 
which are then used by primary industry workers to produce 
products, which are in turn used by food-related business 
operators. Food resources circulate through these processes.

Food
manufacturing
industry
Wholesale
food
Food industry
total
Retail food
Restaurant
industry

Source: Ministry of Agriculture, Forestry and Fisheries Statistics Department, "Results of 
Periodic Reports from Food-related Operators That Annually Generate 100 Tons or 
More of Food Waste" and "Survey Reports on the Recycling of Recyclable Food 
Resources"

Note: Figures for years until FY2007 are estimated from the Statistics Department's past 
Survey Reports on the Recycling of Recyclable Food Resources. Figures for years FY2008 
and beyond are estimated based on periodic reports (food-related business operators 
that annually generate 100 tons or more of food waste are obligated by the Food 
Recycling Act to submit reports) as well as on statistical surveys conducted to obtain 
data unavailable in periodic reports.
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■Recycling rates for recyclable food resources

　In Japan, food is discarded in massive amounts in manufacturing and distribution processes due to excessive demand for freshness, 
among other factors. At the same time, large amounts of food are left over in the consumption process. Enormous amounts of food 
waste generated in these processes are discarded without being recycled into fertilizers or stock feed. Meanwhile, in the late 1990s, 
Japan was faced with serious problems regarding waste management, including the capacity of landfills reaching their limits. In light of 
these circumstances, the Act on the Promotion of the Recycling of Recyclable Food Resources (Food Recycling Act) was enacted in 
2000 with a view to ensuring the effective use of food resources and reducing the disposal of food waste.
　The Food Recycling Act defines basic rules regarding the control and reduction of food waste generation by different entities as well 
as the recycling and thermal recovery of useful food waste (recyclable food resources). The Act also mandates that measures be taken 
to promote the recycling of recyclable food resources by food-related business operators in every area including manufacturing, 
wholesale, retail, and the restaurant industry.
　The Food Recycling Act created a system for registering business operators that manufacture fertilizers and stock feed by using 
recyclable food resources as raw material, as well as a system for authorizing plans to implement recycling programs by food-related 
business operators, recycling operators, and farmers, to use fertilizers and stock feed obtained from such recycling programs, and to use 
primary industry products manufactured by using recycled fertilizers and stock feed (recycling loop). Users of these systems are eligible 
for preferential measures specified in related regulations in order to efficiently recycle food waste.



Construction Recycling Act, 2000

Targets: Specified construction materials, (1) Concrete, (2) 
Construction materials composed of concrete and iron, (3) 
Wood, (4) Asphalt and concrete 

Flow of sorted demolition and recycling

Legal Systems Regarding
Waste Management and 3R2
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Source: MLIT, FY2008 Survey on the Management of Construction By-products
Recycling rate = (Amount used during construction + Amount recycled) 
                          / Amount disposed of outside construction sites
Recycling and size-reduction rate = (Amount used during construction + Amount recycled
                                                      + Amount reduced (incineration, dehydration, etc.)) 
                                                       / Amount disposed of outside construction sites

Source: Compiled from a diagram in MOE's leaflet on the Construction Recycling Act

■Recycling rates and recycling and size-reduction
   rates for different categories of construction waste

　Construction-generated waste, such as concrete blocks, asphalt-concrete blocks, and construction-generated wood, accounts for 
approximately 20% of all industrial waste (FY1995) and approximately 70% of waste illegally disposed of (FY1999). In addition, as 
more and more buildings constructed during the 1960s needed renovation in the 1990s, the Japanese construction industry was 
faced with serious problems, such as the shortage of landfills and improper waste disposal due to a further increase in construction 
waste. In light of these circumstances, with a view to ensuring the effective use of resources, the Act on the Recycling of Construction 
Materials (Construction Recycling Act) was enacted in 2000 to promote the recycling and reuse of construction waste.
　The Construction Recycling Act obligates contractors that demolish buildings made of specified construction materials (concrete 
blocks, asphalt-concrete, wood, etc.) or construct new buildings (subject to the Construction Recycling Act) exceeding a standard 
size by using specified construction materials to sort demolition debris and recycle construction waste.

Specified construction materials
(1) Concrete
(2) Construction materials composed of concrete and iron
(3) Wood
(4) Asphalt and concrete

Targets

Results achieved by the initiatives
　As shown in the figure below, the recycling rate and the recycling and 
size-reduction rate for specified construction materials have continued to 
increase steadily over the years.

Flow of sorted demolition and recycling
(1) Explanation: The main contractor provides the ordering party with 
a written document to explain plans for sorted demolition and other 
operations.
(2) Contract: It is necessary to specify the method used for sorted 
demolition in the contract concluded between the ordering party 
and the main contractor.
(3) Preliminary reporting: The ordering party prepares plans for sorted 
demolition and other operations to submit a report to the relevant 
prefecture in advance.
(4) Notification: When outsourcing work to a subcontractor, the main 
contractor notifies the subcontractor of what needs to be reported 
to the prefecture.
(5) Contract: It is necessary to specify the method used for sorted 
demolition in the contract concluded between the main contractor 
and the subcontractor.
(6) Sorted demolition, recycling, and other operations
(7) Reporting: When having completed recycling and other operations, 
the main contractor provides the ordering party with a written 
document of completion and also prepares and preserves a record 
concerning how recycling was performed.

Preparation of
plans for sorted
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engineering managers
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Source: Compiled based on a figure on the Japan Automobile Recycling Promotion Center website

■Rates of Recycling of Automobile Shredder Residues (ASR) and 
    Other Automobile Parts by Automobile Makers and Other Operators

　Automobiles are made of iron and other useful metals. Therefore, approximately 80% of the total weight of automobiles was 
recycled in the late 1990s, with the remaining 20% being mostly landfilled as shredder residues (plastic and other waste left after 
dismantling and crushing). However, due partly to rises in disposal costs resulting from the shortage of landfill space, there were 
concerns over illegal dumping and improper disposal of end-of-life automobiles. It was also necessary to properly recover CFCs 
contained in car air conditioners and develop measures to appropriately dispose of air bags and other parts that are difficult to 
handle when dismantling a vehicle. To cope with these problems, the Act on the Recycling, etc. of End-of-life Vehicles (Automobile 
Recycling Act) was enacted in 2002.
　The Automobile Recycling Act defines the responsibility of automobile makers to accept the three most difficult-to-handle 
automotive items that are often illegally discarded (shredder residues, CFCs, and air bags) and to recycle them (destroy CFCs) in 
order to actively promote the recycling and proper disposal of end-of-life automobiles. Automobile owners pay recycling fees to 
cover the costs required for the disposal of end-of-life automobiles.

Results achieved by the initiatives
　The rates of recycling of Automobile Shredder Residues 
(ASR) and air bags by automobile makers and other 
operators have both exceeded the numerical targets and 
remain at high levels.

Flows of recycling expenses and
end-of-life automobiles
Automobile owner
(1) The automobile owner pays the recycling fee when 
purchasing an automobile (deposits the fee into the 
account of a fund management corporation) and delivers 
the automobile to the business operator (car dealer, etc.) 
when putting it out of service.

Business operator (car dealer)
(2) The car dealer accepts the end-of-life automobile from its 
owner and provides a certificate of acceptance to the 
owner.

CFC recovery operator
(3) The CFC recovery operator recovers CFCs from the 
end-of-life automobile and delivers the recovered CFCs to 
the automobile maker or importer and the end-of-life 
automobile to the vehicle dismantler.

Vehicle dismantler
(4) The vehicle dismantler recovers air bags and other parts 
from the end-of-life automobile and delivers the recovered 
parts to the automobile maker or importer; then removes 
used parts from the automobile and delivers the dismantled 
automobile to the vehicle crusher.

Vehicle crusher
(5) The vehicle crusher crushes the dismantled automobile 
with a shredding machine, sorts waste into metals and 
shredder residues and delivers shredder residues to the 
automobile maker or importer.

Automobile maker/importer/ Designated recycling 
institution
(6) The automobile maker or importer properly disposes of 
the three automotive items received (CFCs, air bags, and 
shredder residues). The automobile maker or importer can 
also outsource the total recycling of the automobile.

Fund management corporation
The fund management corporation properly manages the 
recycle fee deposited by the automobile owner until the 
automobile is put out of service.

Information control center
To properly manage the recycling process, the information 
control center gathers information on how end-of-life 
automobiles are recycled by different operators.

Source: METI and MOE, Implementation of the Automobile Recycling Act (2012)

Target

2004
2005
2006
2007
2008
2009
2010
2011

91.6～100
93.0～94.7
93.5～95.1
92.0～94.7
94.1～94.9
93.2～100
93～100
92～100

85

Air bags

49～69.1
48.0～70.0
63.7～75.0
64.2～78.0
72.4～80.5
77.5～82.1
79.9～87
92～94

30 (FY2005-)
50 (FY2010-)
70 (FY2015-)

Shredder residues

Automobile Recycling Act
(enacted in 2002)

※Total recycling
Total recycling refers to dissolving all parts of a dismantled vehicle to use them as iron and 
steel manufacturing materials. Total recycling makes it possible to recycle almost the entire 
dismantled vehicle without generating shredder residues.
※Certified total user
If an automobile maker or importer that has a consignment contract with a vehicle crusher or 
dismantler delivers end-of-life automobiles to a domestic business operator with an electric or 
converter furnace, the business operator is categorized as a certified total user.

Fund management corporation
Japan Automobile Recycling Promotion Center

Information control center
Japan Automobile Recycling Promotion Center
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Source: Compiled based on a figure on the Japan Automobile Recycling Promotion Center website

■Rates of Recycling of Automobile Shredder Residues (ASR) and 
    Other Automobile Parts by Automobile Makers and Other Operators

　Automobiles are made of iron and other useful metals. Therefore, approximately 80% of the total weight of automobiles was 
recycled in the late 1990s, with the remaining 20% being mostly landfilled as shredder residues (plastic and other waste left after 
dismantling and crushing). However, due partly to rises in disposal costs resulting from the shortage of landfill space, there were 
concerns over illegal dumping and improper disposal of end-of-life automobiles. It was also necessary to properly recover CFCs 
contained in car air conditioners and develop measures to appropriately dispose of air bags and other parts that are difficult to 
handle when dismantling a vehicle. To cope with these problems, the Act on the Recycling, etc. of End-of-life Vehicles (Automobile 
Recycling Act) was enacted in 2002.
　The Automobile Recycling Act defines the responsibility of automobile makers to accept the three most difficult-to-handle 
automotive items that are often illegally discarded (shredder residues, CFCs, and air bags) and to recycle them (destroy CFCs) in 
order to actively promote the recycling and proper disposal of end-of-life automobiles. Automobile owners pay recycling fees to 
cover the costs required for the disposal of end-of-life automobiles.

Results achieved by the initiatives
　The rates of recycling of Automobile Shredder Residues 
(ASR) and air bags by automobile makers and other 
operators have both exceeded the numerical targets and 
remain at high levels.

Flows of recycling expenses and
end-of-life automobiles
Automobile owner
(1) The automobile owner pays the recycling fee when 
purchasing an automobile (deposits the fee into the 
account of a fund management corporation) and delivers 
the automobile to the business operator (car dealer, etc.) 
when putting it out of service.

Business operator (car dealer)
(2) The car dealer accepts the end-of-life automobile from its 
owner and provides a certificate of acceptance to the 
owner.

CFC recovery operator
(3) The CFC recovery operator recovers CFCs from the 
end-of-life automobile and delivers the recovered CFCs to 
the automobile maker or importer and the end-of-life 
automobile to the vehicle dismantler.

Vehicle dismantler
(4) The vehicle dismantler recovers air bags and other parts 
from the end-of-life automobile and delivers the recovered 
parts to the automobile maker or importer; then removes 
used parts from the automobile and delivers the dismantled 
automobile to the vehicle crusher.

Vehicle crusher
(5) The vehicle crusher crushes the dismantled automobile 
with a shredding machine, sorts waste into metals and 
shredder residues and delivers shredder residues to the 
automobile maker or importer.

Automobile maker/importer/ Designated recycling 
institution
(6) The automobile maker or importer properly disposes of 
the three automotive items received (CFCs, air bags, and 
shredder residues). The automobile maker or importer can 
also outsource the total recycling of the automobile.

Fund management corporation
The fund management corporation properly manages the 
recycle fee deposited by the automobile owner until the 
automobile is put out of service.

Information control center
To properly manage the recycling process, the information 
control center gathers information on how end-of-life 
automobiles are recycled by different operators.

Source: METI and MOE, Implementation of the Automobile Recycling Act (2012)
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Air bags
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72.4～80.5
77.5～82.1
79.9～87
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Shredder residues

Automobile Recycling Act
(enacted in 2002)

※Total recycling
Total recycling refers to dissolving all parts of a dismantled vehicle to use them as iron and 
steel manufacturing materials. Total recycling makes it possible to recycle almost the entire 
dismantled vehicle without generating shredder residues.
※Certified total user
If an automobile maker or importer that has a consignment contract with a vehicle crusher or 
dismantler delivers end-of-life automobiles to a domestic business operator with an electric or 
converter furnace, the business operator is categorized as a certified total user.

Fund management corporation
Japan Automobile Recycling Promotion Center

Information control center
Japan Automobile Recycling Promotion Center

Recycling fee

End-of-life
automobile

Recovery 
fee

Material flow Information flow Fund flow

Recovery 
fee

CFCs

Acceptance
report

Acceptance
report

Acceptance
report

Acceptance
report

Acceptance
report

Acceptance
report

Acceptance
report

Acceptance
report

Air bags Shredder residues Total 
recycling 
costs

End-of-life
autom

obile

End-of-life
autom

obile

D
ism
antled

autom
obile

Three item acceptance report
Payment

￥

Automobile
maker/Importer/Designated recycling institution

Owner

Car
dealer

Vehicle
dismantler Vehicle

crusher

CFC recovery
operator

6

1

2

3 4
フロン

フロン

5

CFC destruction facility Air bag and other parts
recycling facility

Shredder residue 
recycling facility

Certified total
automobile user

Total recycling

Pre-processed
dismantled vehicle

©Ministry of the Environment, 2014



Small Home Appliance Recycling Act, 2012
Targets: Designated by government ordinance from 
among electronic devices and other electrical appliances 
used by general consumers in their daily lives, such as PCs, 
mobile phones, digital cameras, clocks and hair dryers, that 
can be efficiently collected and transported and 
particularly need to be recycled 
Responsibilities of different entities 

General consumers 
Municipalities 
Certified operators 
Waste-generating business operators 
Retailers 
Manufacturers

Small Home Appliance Recycling System

　Small home appliances, such as mobile phones, digital cameras, and audio devices, contain large amounts of useful metals, 
including iron, aluminum, copper, and precious metals. Nevertheless, except for iron and aluminum, most such metals were 
landfilled without being recycled, or otherwise improperly disposed of in Japan and elsewhere by unauthorized waste 
collectors. Also, some small home appliances that contain lead and other hazardous metals require particularly careful 
handling. In light of such circumstances, the Act on the Promotion of the Recycling of End-of-life Small Electronic Devices and 
Other Electrical Appliances (Small Home Appliance Recycling Act) was enacted in 2012 in order to make effective use of 
useful metals contained in small home appliances and to properly dispose of them.
　The Small Home Appliance Recycling Act supports an incentive-oriented system that enables interested parties (consumers, 
business operators, municipalities, retailers, certified operators, etc.) to develop their own waste collection and recycling 
methods in cooperation with each other and to recycle waste in accordance with their own circumstances. End-of-life small 
home appliances contain valuable resources. Therefore, this act aims to develop a system that allows interested parties to 
make profits from recycling through their own efforts to efficiently collect end-of-life products from across their region.

Targets

Designated by government ordinance from among electronic 
devices and other electrical appliances used by general 
consumers in their daily lives, such as PCs, mobile phones, 
digital cameras, clocks and hair dryers, that can be efficiently 
collected and transported and particularly need to be recycled

Small home appliances

Small home appliances

Refinery material
Metal resources

Consumers

Cooperating retailers Municipalities

Manufacturers
Metal refineries

Recycling
operators

(including certified
operators)

1

2

3

45

Collection

Back to consumers
Used as raw materials Metal recovery

Dismantling, crushing, and sorting

Small Home Appliance Recycling Act
(enacted in 2012)

Legal Systems Regarding 
Waste Management and 3R2

(1) General consumers disposing of end-of-life small home appliances sort their waste products and dispose of them in 
compliance with the collection procedure specified by the municipalities they live in.

　  * End-of-life small electrical appliances for industrial use disposed of as waste are delivered to certified business 
operators as industrial waste.

(2) Municipalities collect the end-of-life products disposed of to deliver them to appropriate recycling operators, including 
certified operators.

(3) Recycling operators dismantle and crush the end-of-life products, sort the waste into different types of metals and 
plastics, and deliver them to metal refineries or other business operators.

(4) Metal refineries recycle the end-of-life products that have been dismantled, crushed and sorted into metals and plastic 
materials.

(5) Recycled metals and other materials are used as raw materials for products.
In this way, the small home appliances collected from consumers are recycled and returned to consumers as products.
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Source: Compiled from a figure in the pamphlet MOE and METI, Small Home Appliance Recycling Act Put into Effect

General consumers
・Sorted disposal
・Delivering end-of-life products to municipalities 
or retailers commissioned by certified 
operators

Municipalities
・Sorted collection
・Delivering end-of-life products to 
certified operators

Certified operators
・Accepting end-of-life small 
home appliances

・Recycling

Waste-generating business operators
・Sorted disposal
・Outsourcing disposal operations to 
certified operators or other entities 
that are capable of properly recycling 
end-of-life products

Retailers
・ Cooperating in efficiently collecting 
end-of-life products from consumers by 
measures such as installing collection 
boxes in municipalities

Manufacturers
・Developing new designs, 
parts, and materials to 
reduce recycling costs

・Using materials obtained 
from recycling

Collection procedures
Collection procedures are chosen in 
accordance with the characteristics of 
individual municipalities.

Box collection
Collection boxes for small 
home appliances are 
installed at public facilities, 
supermarkets, and home 
appliance stores in order to 
collect end-of-life products.

Pick-up collection
End-of-life small home 
appliances are collected 
along with bulky waste and 
non-combustible waste to 
be sorted at waste 
management facilities.

Station collection
A new category for small 
home appliances is created 
for sorted waste collection.

Recycling system

Responsibilities of different entities

©Ministry of the Environment, 2014



Solid Waste Management & Technology

Collection and Transport

Garbage collected by small garbage trucks is 
dropped in a hopper, compressed in contain-
ers and reloaded onto larger trucks. In this 
transfer station, garbage collected by three 
2-ton trucks can be compressed in one 
container.
The container is then transported to a 
disposal site or incineration plant on a large 
container truck.

Source:ShinMaywa Industries, Ltd.

Combustible
bulk waste

Waste crane

Weigh-in equipment

Administration Building
Crushing 
equipment

Dust collection and deodorizing equipment

Container transfer equipment

Input

Compactor

Waste feed equipment
Receiving hopper

General waste
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Transport vehicles with high load volume

Safety, loading efficiency and operability are required for garbage collection trucks. Smaller trucks have openings 
set less than 800mm above the ground to realize outstanding workability and operability.

Source:ShinMaywa Industries, Ltd.

Mobile Packer

●Low-pollution garbage collection trucks (Example)
Generally, garbage loading and unloading is 
powered by the engine. This type of truck gener-
ates electricity required for loading and unloading 
while the truck is running. This reduces the 
consumption of light oil and CO2 emissions.

©Ministry of the Environment, 2012

Transport station to streamline collection

Economic effect and CO2 emissions after introduction of transport station

【Conditions】
● Collection area
● Operating days
● Operating hours
● CO2 emission factors for 
    collection and transport vehicles

500km2

250days/year
5hr./day
0.002619tCO2/L

※1 Calculated for compactor-container type
※2 CO2 calculation is emissions from collection and transport vehicles
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Cost reduction 
through introduction 
of transfer station

Reduction of CO2 
emissions through 
introduction of 
transfer station

Direct transport
Transfer station
Direct transport
Transfer station

50t
50t

300t
300t

Direct transport
Transfer station
Direct transport
Transfer station

50t
50t

300t
300t

Source:ShinMaywa Industries, Ltd.

Direct transport

Transfer station

Direct transport

Transfer station

50t/day

300t/day

50t/day

300t/day

Collected 
volume Collection vehicle

2t packer vehicle

2t packer vehicle 10t arm roll vehicle

Transport vehicle

■Comparison of cost between direct 
     transport and use of transfer station

■Comparison of CO2 emissions between 
     direct transport and use of transfer station
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Transfer Station

Cost structure for with and without transfer station

TcA=C1＋C2＋C3＋C4

TcA：Total cost for collection from collection zones 1~4 and 
         direct transport to disposal facility
C1,C2,C3,C4：Cost for collection at each collection zone 1~4 and 
                       transport to disposal facility

TcB=（C1＋C2＋C3＋C4）＋Rc＋C5

TcB：Total cost for collection from collection zones 1~4 and transport to 
         disposal facility via transport station
C1,C2,C3,C4：Cost for collection at each collection zone 1~4 and transport to 
                       transport station
Rc：Cost involving operation at transport station (Construction cost, operation 
        and maintenance management cost)
C5：Cost to transport from transport station to disposal facility (Secondary transport)

Disposal 
Facility

Distance to disposal facility

C
os

t

Rc：Cost for construction and 
maintenance management of 
transfer station

Distance where using a transfer station is advantageous

C1＋C2＋C3＋C4＋C5：
Collection and transport 
cost to transfer station + 
secondary transport cost 
to disposal facility

C1＋C2＋C3＋C4：
Collection and 
transport cost to 
disposal facility

Disposal 
FacilityTransport 

Station

TcA

TcBWith transfer station

Without transfer station 
(Direct Transport)

Without Transfer Station (Direct Transport)
C1

C2

C4

C3

With Transfer Station
C1
C2

C5C3
C4

Source:"Waste Collection:Theory and Practice",P145,Maruzen(2011)

Distance where direct transportation is advantageous
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Advanced Waste incineration Facility
Advanced Waste Incineration Facility

Steam

Fly ash

Water-cooling 
for fire grate

Panel type 
water-cooled 
refractory

Efficient Use

Ammonia

Primary air

Secondary air

High-temperature 
high-pressure boiler
4MPa X 400°C

Low-temperature 
catalytic desulfurization 
device Below 170 °C

Recirculation of 
exhaust gas

Dioxin thermal 
decomposition 
system

Bag filter

Economizer

Slaked lime
Activated 
carbon

Source:Kawasaki Heavy Industries Ltd.

DXNs<0.1ng-TEQ/㎥N
CO<10ppm
NOx<60ppm

Mixed gas is transported 
to a large secondary 
incineration area that 
maintains a temperature 
of 1,000°C to complete 
the combustion reaction.

High efficiency 
power generation
25% and higher

Energy recovery 
from exhaust gas

Small and simple exhaust gas 
treatment system

Injection of secondary air 
and reversal of flame 
causes the gas and air 
to be mixed together.

Exhaust gas reduced by 30%

Ignition loss<1%
Efficient use of ash

Unburned gas is burned at high 
temperature when passing 
through the combustion zone, 
where poisonous substances 
are decomposed.

Generated 
power

Incinerator
Induced 
draft fan

Stack
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Diverse Incinerators  
that control the generation of dioxins

Ash with low unburned ash

Waste fluid

Waste oil【Waste oil 
combustion】

Secondary air

【Secondary 
combustion of gas】

Secondary airSecondary air

Mixing with secondary air
 (Complete combustion of unburned gas)

Rise in ash temperature

RadiationRadiationRadiation RadiationRadiationRadiation

RadiationRadiationRadiation

Air
Air

Air

Air

【Drying / gasification】【Drying / gasification】

Shorter than conventional kiln

【Active burning of gas】

【Waste fluid 
evaporation】

Post combustion of 
unburned gas

Figure of combustion system of 
the Rotary kiln + 
Post burning stoker furnace

Source:Takuma Co., Ltd.
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Reduced dioxin emissions by 98% compared to 1997 from 
incineration plants in Japan

Atmosphere

Reduced dioxin emissions by 98% compared to 1997 from incineration plants in Japan

0

1,500

3,000

4,500

6,000

1997 1998 1999 2000 2001 2002 2003 2004 Reduction target (2010)

5,000

1,505

6,505

1,550

1,105

2,655

1,350

695

2,045

1,019

558
1,577

812

535

1,347

370
266
636

75 71

146
 (-98% from 1997)

69 64 50 51

Di
ox

in
 e

m
iss

io
ns

 (g
/y

r)

Industrial waste incineration facility
General waste incineration facility

Note:※The value for 2004 and 
          reduction target are expressed 
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Source:Ministry of the Environment

New regulation values 
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new guidelines
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Structural and Maintenance Management Standards

※Not required for 
gasification combustion 
incineration facility
 (Ministry of Health & 
Welfare, Notice 187)

Atmosphere

Thermometer 
and recording 

device

CO measurement 
and recording 

device

Thermometer 
and recording 

device

Air supply 
device

Incinerated ash 
storage device

Complete Burning Gas Cooling Exhaust Gas Treatment

(With high ability to remove smoke)

Continuously input 
waste at a specified 
volume Ignition loss

Burned to less than 10%
Analyzed once per month

● Generally cooled 
    to 200°C or lower

Combustion chamberCombustion chamber Cooling deviceCooling device Exhaust gas treatment equipmentExhaust gas treatment equipment

Dust 
collector

Removal of ash from 
decomposition

Measure and record dioxin 
concentration at least once per year

Structural and Maintenance Management Standards

Volumetric supply 
unit※

Quickly increase furnace temperature 
when starting operation, and maintain 
high temperature at the end of operation 
to completely burn waste

Incinerate to achieve a CO 
concentration of below 100ppm 
(average value per hour), dioxin 
concentration below the standard

● 800 °C and higher
● 2 seconds or longer 
    retention time
● Shut off from open air

Auxiliary 
firing device

Dust storage equipment

Diverse Incinerators  
that control the generation of dioxins

Dry distillation gasification-type 
compact incinerator

This example shows the HCL elimination from exhaust gas 
and countermeasure for DXNs in a small-sized prolytic furnace.

Waste
Burned ash
Air
Exhaust gas
Slaked lime

Furnace switching device

Into open air

Atmosphere

Bag filter

Induced fan

Fly ash receiver box

Cooling fan

Furnace fan

Gasification furnace
Stack

CO and O2 analyzer

Neutralizer input fan

Lifter

Slaked lime
Activated carbon

Volumetric supply unit

Activated carbon input device
Neutralizer input device

Input activated charcoal
Input neutralizer

Switching 
damper

Prolytic decomposition 
gasification furnace

Indirect 
cooling 

chamber

Prolytic decomposition fan

Waste input device

Waste
Ash

Auxiliary 
burner

Cool air emitting
damper Cooling chamber entrance

Temperature control damper

Temperature control 
damper for bag filter

Switching damper 
for bag filter

Auxiliary
burner

Temperature 
rising burner

Source:JFE Engineering Corporation

©Ministry of the Environment, 2012



Waste Landfill Technology and System

Water catchment and treatment facilities for seepage 
control and leachate are established because landfill 
waste may decompose and pollute the environment.

Light blocking sheet : White layer (HDPE)

1.5mm

0.2mm

Water shielding sheet : Black layer (HDPE)

■Cross section of the sheet (example)Controlled Landfill Sites

A water shielding sheet covers the floor and 
sloped surfaces of the controlled landfill site to 
prevent the pollution of underground water. 
Sheets with outstanding durability are being 
developed and used.
When the site is constructed over an impervious 
layer, a liner sheet need not be required if the layer 
has a thickness of 5m or more and the coefficient 
of permeability is 1x10-5cm/second or less.

Groundwater 
observation 
equipment

Leachate treating facility

Discharge

Regulation 
reservoir Underground water 

collection and 
drainage equipment Retained water 

collection 
and drainage

Open pit

©Ministry of the Environment, 2012

Waste Landfill Technology and System

Extension examination

Groundwater observation

Rainwater 
discharging unit

Leachate collection unit

Landfill waste is bio-chemically stable 
and will not pollute water. Water 
catchment and treatment facilities for 
seepage control and leachate are not 
established because of the low risk of 
environmental pollution.

Inert Landfill Sites

©Ministry of the Environment, 2012



Waste Landfill Technology and System

Structure that enables visual check

Covered with water- and 
corrosion-resistant material

External periphery separating facility Internal separating facility

Covering

Groundwater observation

Isolated Landfill Sites

The structure prevents rainwater from entering 
or leachate from outputting to prevent harmful 
substances from seeping out.

©Ministry of the Environment, 2012

Semi-aerobic landfills(1)

The semi-aerobic landfill structure was developed in a joint 
study by Fukuoka University  and Fukuoka City. 

Fukuoka Method 

A leachate collecting pipe is set up at the floor of the 
landfill to remove leachate from the landfill, so that 
leachate will not remain where waste is deposited. natural 
air is brought in from the open pit of the leachate 
collection pipe to the landfill layer, which promotes aerobic 
decomposition of waste. 

This enables early stabilization of waste, prevents the 
generation of methane and greenhouse gases, which make 
it effective technology in the prevention of climate change.

©Ministry of the Environment, 2012



Semi-aerobic landfills(2)
Generally, the air present in an aerobic environment 
transforms carbon in organic matter to carbon dioxide, 
nitrogen to nitrification denitrification, and sulfur to sulfur 
ion, which reduce the generation of foul odor and 
flammable gas. 
Moreover, an aerobic environment increases the activity of 
microorganisms that decompose waste, accelerating the 
stabilization process. 
On the other hand, in an anaerobic environment, where 
oxygen is not present, organic matter is transformed into 
volatile organic acids, such as acetic acid, and then become 
methane gas or carbon dioxide, and nitrogen and sulfur 
are transformed to ammonia, amine, hydrogen sulfide, and 
mercaptan, which emit foul odor and negatively affect the 
living environment of the surrounding area.

©Ministry of the Environment, 2012

Semi-aerobic Landfills
Better leachate quality than anaerobic landfill 

Low emission of greenhouse gases 

Landfill stabilization faster than anaerobic landfill 

Less underground water pollution from leachate 

Cheaper to operate and manage

Fermentation Heart
50～70℃

Inside the Landfill Gas Bleeder

Water Barrier
O2 O2 O2

CH4

CO2 CO2

Air Flow Zone

Leachate Flow Zone

Waste
Decomposition

Inside/Outside
Temperature 
Diffierence

Fermentation

Air Inflow

Retention 
Structure

Air

Leachate 
Regulation Reservoir

Landfill

Leachate

Leachate
Collecting Pipe

Cobble 
Stones

Source:Hydraulic Sanitary 
Engineering Laboratory, 
Faculty of Engineering, 
Fukuoka University

©Ministry of the Environment, 2012



Semi-aerobic Landfills

Semi-aerobic 
landfill

Methane

CO2

30%

70%

60%

40%

Anaerobic 
landfillThe global warming coefficient of methane, one of 

The quality of the leachate improved significantly 
with a significant drop in BOD one year after the 
semi-aerobic landfill structure was introduced. 

-N also showed a significant drop within one 
year. Anaerobic landfill, on the other hand, shows 

1

101

102

103

104

105

0 0.5 1 1.5 (Year)

Anaerobic 
landfill

Semi-aerobic 
landfill

90%
decomposition

99.9%
decomposition

Aerobic
landfill
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n 
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Source:Hydraulic Sanitary 
Engineering Laboratory, 
Faculty of Engineering, 
Fukuoka University

(combustible waste)

©Ministry of the Environment, 2012

Composition of gas generated 
from landfill

Landfill structure and changed of BOD in leachate over time

Semi-aerobic landfill sites are increasing in Asia

a new method for Clean Development Mechanism (CDM), 
as defined in the United Nations Framework Convention 
on Climate Change(UNFCCC). 

By maintaining aerobic conditions in the waste bed 
interior, the Fukuoka Method accelerates the 
decomposition of waste materials, improves leachate 
water quality and inhibits the emission of methane gas. At 
present, because most of the world's landfill sites, 
including those of developing countries, are anaerobic 
landfills, the Fukuoka Method will enable substantial 
reductions in greenhouse gas emissions.

©Ministry of the Environment, 2012



Not In My Back Yard

Risk and Rationality

In Michigan, for example, local residents put nails and tacks 
on their highways to prevent the state from burying cattle 
contaminated by polybrominated biphenyls. 

In New Jersey, citizens took public officials hostage when 
they were excluded from decision-making regarding a 
hazardous waste facility in their neighborhood. 

in Illinois, townspeople halted the operation of a landfill by 
digging trenches across its access roads.

L. S. Bacow and J. R. Milkey, "Overcoming Local Opposition to Hazardous Waste Facilities," and D. Morell, 
"Siting and the Politics of Equity," in Resolving Locational Conflict, ed. R. W. Lake (New Bruswick, N.J.: 

Center for Urban Policy Research, Rutgers University, 1987), pp. 163, 123.



Citizen protests

the perceived failure of government and industry to 
protect the health and safety of the people. 

Acts of civil disobedience, in turn, have also helped to 
mobilize public awareness of a variety of environmental 
risks. 

For example, 75 percent of residents recently surveyed in 
Santa Clara County, California, charged that their water was 
"unsafe to drink" after they discovered chemical 
contamination in three local public wells.

Aversion to Risks: Public Paranoia or 
Technological Oppression?

Industry spokespersons 
public ignorance and mass paranoia 

many other environmental and consumer activists 
rejecting public environmental risks likewise imposed on 
them without their free, informed consent 

Industry sympathizers 
do not agree



"Rationality" in Risk Evaluation and 
Philosophy of Science

‘Rational' is a highly normative term. 
Controversies about the "rationality" of various evaluations 
of risk are no easier to settle than analogous debates in 
science. 

In the debate over the rationality of science 
philosophers and scientists 

there is no scientific method, that "anything goes," and that 
"no system of [scientific] rules and standards is ever safe.” 

theory evaluation can be rational even though there are no 
absolute rules for science, applicable in every situation.

Risk Evaluation Is Both Scientific and 
Democratic

risk evaluation is objective in the sense that different risks 
may be evaluated according to the same rule—for 
example, a rule stipulating that risks below a certain level 
of probability are insignificant.



Five Dilemmas of Risk Evaluation

risk dilemma in the meat-cutting industry 
The Occupational Safety and Health Administration (OSHA) 
reduced meat cutters' risks of accident by requiring 
construction of guard rails around the cutting machinery. 

Once they installed the protective equipment, however, 
officials realized that the unsanitary rails increased 
consumers' risks from infected meat

©A. Wildavsky, "No Risk Is the Highest Risk of All," American Scientist 67, no. 1 (1979)

©K. S. Shrader-frechette, Risk and Rationality Philosophical foundations for populist 
reforms, The regents of the University of California, 1991

Risk management generates pressing 
dilemmas

because of two characteristics of risk situations: 
competing opportunity costs and incompatible risk-
displacement options. 

Regarding opportunity costs, if one spends research 
dollars to help reduce the risk of heart disease, for 
example, then one has lost the opportunity to use those 
same funds to reduce cancer hazards, and vice versa. 

Incompatible risk-displacement options arise because risk 
can never be removed; it can only be transferred or 
displaced.

©K. S. Shrader-frechette, Risk and Rationality Philosophical foundations for populist 
reforms, The regents of the University of California, 1991



Dilemma 1: The fact-value dilemma

methods of risk evaluation must be either primarily factual 
and scientific (and accomplished by experts) 

predominantly ethical and political (and accomplished by 
democratic procedures) 

if they are truly factual and scientific, risk evaluations ought 
to be done only by experts, not by laypersons. But if they 
are accomplished only by experts, their conclusions 
probably will not be wholly acceptable to the public. 

citizens wish to make their own judgments about how 
safe is safe enough.

Dilemma 2: The Standardization Dilemma
many analysts argue that assessment procedures and risk-
evaluation theories ought to be standardized. 
Proponents of standardization have often made an equity 
argument. 
The obvious problem with this standardization 
proposal is that, if the same amount of money were spent 
to save lives, regardless of different risk situations, then 
assessors could violate (at least intuitive) standards of 
rationality. 
standardization forces one to assume; 

(1) sameness of expenditures guarantees sameness of protection; 
(2) sameness of protection guarantees equality of protection; 
(3) there are never any morally relevant grounds for discrimination. 
(4) standardization ignores the fact that different persons have 



Dilemma 3: The Contributors Dilemma
how to assess numerous small hazards 

It consists of the fact that citizens are subject to many small 
hazards, each of which is allegedly acceptable; yet together 
such exposures are clearly unacceptable. 

subthreshold exposures are harmless, as the data indicate 

additivity, or contribution, of these doses causes great harm 

subthreshold risks are unacceptable, then they face the 
undesirable consequence that government must regulate 
such risks, an extraordinarily difficult and expensive task. 

subthreshold risks are acceptable, then they must admit 
that, although it is immoral to murder fellow citizens, it is 
moral to allow them to be killed by carcinogens, little by 
little.

Dilemma 4: The De Minims Dilemma

based on the fact that society must declare some 
threshold, below which a hazard is judged to be negligible. 

Often this de minimis level for a given risk is set at what 
would cause less than a 10-6 increase in one's average 
annual probability of fatality. 

The reasoning behind setting such a level is that a zero-
risk society is impossible. 

some standard needs to be set, especially in order to 
determine pollution-control expenditures.



Dilemma 5: The Consent Dilemma

the recognition that imposition of certain risks is legitimate 
only after consent is obtained from the affected parties.

New-generation Incineration Technology
There are many city incineration plants, both large and 
small, being operated in compliance with the strict 
antipollution policies implemented in Japan. 
While many technologies have been developed, including 
technology to reduce dioxin emission, remove acidic gas 
and recycle incinerated ash, the conventional stoker 
furnace has seen significant improvement. 
The conventional stoker furnace’s highly efficient 
technology enables electric generation from recovered 
heat waste and make it an effective measure against 
greenhouse emissions. 
Together with the improvement of heat recovery after 
incineration, this system makes it possible to efficiently 
generate clean electricity compared to the conventional 
method.



Changeover to new-generation incinerators
Improved combustion quality 

Lowered combustion air ratio 2.0 > 1.4 or 1.3 
Resolved uneven burns with infusion of high temperature air 
Improved mixing of combustion gas and air 
Improved oxygen-enriched combustion and combustion quality, 
resulting in clean incinerated ash 

Improved quantification and control of garbage supply 
Cooling of stoker 

Water cooling and air cooling 

Improved durability of fire-resistant furnace wall material 
Tile cover for radiation heat transfer surface on boiler 

Recycling incinerate ash 
Sophisticating operation control system

Waste to Energy

A proven and reliable technology that recovers energy 
from the waste incineration. 

A hygienic method of treating waste and reduces its 
volume by about 90%. 

400 - 800kwh electricity can be recovered from 1 ton of 
waste. 

Copyright Hitachi Zosen Corp.

Waste to Energy
A proven and reliable  technology that recovers energy from the waste 
incineration.
A hygienic method of treating waste and reduces its volume by about 90%.
400-800kwh electricity can be recovered from 1 ton of waste.

Electric power 
and/or

Steam / hot water

Ash: 10% of original volume

Municipal Solid Waste

Final Disposal Site Ex.  1ton of Waste  
→ 

Power: 400- 800 kWh

WtE plant

What is WtE?

9

©Hitachi Zosen Corporation, 2013



Advantages of WtE

Reduce impact on environment 
Environment improvement 

Sanitary waste treatment 
Volume reduction 

Landfill life-extension 
Effective utilization of unused energy 

Waste heat utilization 
Renewable energy production 

Improvement of living standard 
Education of next generation 
Job creation

Waste to Energy Plant

Copyright Hitachi Zosen Corp.

Waste 
Reception

Combustion 
& Boiler

Flue Gas
Treatment

Energy 
Recovery

Municipal
Solid Waste Electricity

Waste to Energy Plant, example

11©Hitachi Zosen Corporation, 2013



Status of transition to high efficiency electricity 
generation

Power generation efficacy achievement of waste incineration facilities and estimated results
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【Estimated Results】

　Water cooling condenser

　4MPa x 400°C

　3MPa x 300°C

2000s

【Power generation 
efficiency achievement】

※The above shows the theoretical power generation efficiency calculation according to the age and facility scale of the waste incineration and power 
　generation in Japan. Estimation is based on feasible scenario on the premise that the incinerator is operating stably for a long period, and including 
　factors to raise power generation efficiency.

Combustion Process, Grate Mass Burn

Copyright Hitachi Zosen Corp.

Waste

Drying Grate

Combustion Grate

Burnout Grate

Combustion 
Gas

Ash

Feeder

Combustion Process, Grate Mass Burn

12©Hitachi Zosen Corporation, 2013



Environmental Control

Copyright Hitachi Zosen Corp.

Semi-Dry typeBag Filter

Dust HCl, HF, 
SOx, etc

NOx Dioxin Remarks

Bag Filter Dry type, Semi-dry type

Wet Type Scrubber Wet type

Non-Catalytic De-NOx Device SNCR

Catalytic De-NOx Device SCR

Equipment for Flue Gas Treatment

Environmental Control

13©Hitachi Zosen Corporation, 2013

Tokyo (Suginami), Japan

Copyright Hitachi Zosen Corp.
16

Tokyo (Suginami) , Japan

l Reconstruction project, demolition of existing plant and build new WtE plant except for stack.

l Located in the heart of residence area in Tokyo
l Hitachi Zosen is EPC contractor for Turn-key basis excluding demolition, civil and building works.
l Generation of electrical power and heat supply to the Spa beside the plant.

l The latest plant in Tokyo 23 ward and 9th waste to energy plant in Tokyo 23 by Hitachi Zosen since 
1969

Client: Clean Authority of Tokyo 
Start-up: 2017 

Technology 
Furnace: Grate furnace (air-cooled) 
Energy recovery: 

3 pass-boiler(vertical) + economizer 
Flue gas treatment: 

Bag filter, Wet scrubber, Gas heater, SCR 

Technical Data 
Fuel: MSW 
Waste capacity: 600t/d (300t/dx2) 
Net calorific value: 14.3MJ/kg 
Thermal capacity: 49.7MW x 2 
Generator capacity: 24MW©Hitachi Zosen Corporation, 2013



Osaka (Maishima), Japan

Copyright Hitachi Zosen Corp.

Client: Osaka city, Japan
Start-up: April 2001

Technology
Furnace: Grate furnace (air-cooled)
Energy recovery: 

3 pass-boiler(vertical) + economizer
Flue gas treatment:

Gas cooler, Bag filter, Wet scrubber,
Gas re-heater, SCR

Technical Data
Fuel:  MSW
Waste capacity: 900t/d (450t/dx2)
Net calorific value: 13.4MJ/kg
Thermal capacity: 69.7MW x 2
Generator capacity: 32MW

Osaka (Maishima), Japan

l Site on artificially built island in the bay of Osaka

l Hitachi Zosen is EPC contractor for Turn-key basis excluding building works
l Already 8 Waste to Energy plants for Osaka city by Hitachi Zosen since 1965.
l Architecture and interior design by famous Austrian artist the late Mr. Friedensreich Hundertwasser.

17©Hitachi Zosen Corporation, 2013

Riverside (London), UK

Copyright Hitachi Zosen Corp.

l Largest WtE facility in the UK

l Hitachi Zosen Inova as full turnkey contractor including jetty and road works

l 80% of waste delivery via barges from Thames River

l Highly efficient plant at higher steam conditions

l Plant operation during first 4 years carried out by Hitachi Zosen Inova

Client: Riverside Resource Recovery 

Ltd.

Start-up: 2011

Technology
Furnace: Grate furnace (air-cooled)

Energy recovery: 4-pass boiler, 

turbine

Flue gas treatment: SNCR, semi-dry

Technical Data
Fuel: MSW

Waste Capacity: 2,289t/d (763t/d x 3)

Net calorific value: 9.0MJ/kg

Thermal capacity: 79.5MW x 3

Generator capacity:  72.4MW

Riverside (London), UK

18

©Hitachi Zosen Corporation, 2013



Issy-Ies-Moulineaux (Paris), France

Copyright Hitachi Zosen Corp.

l Waste treatment plant for 1.1 million inhabitants in 22 municipalities and 3 districts of Paris

l Located on the outskirts of Paris
l Large part of the plant embedded in the ground
l After loading waste, no waste truck has to drive more than 15km to reach the plant 

l Hitachi Zosen Inova supplier of process components for combustion, steam production and flue gas 
cleaning

Client: SYCTOM Paris

Start-up: 2007

Technology
Furnace: Grate furnace (water-cooled)
Energy recovery: 4-pass boiler, turbine
Flue gas treatment: Dry with bicarbonate

Technical Data
Fuel: MSW
Waste capacity:  1,464 t/d (732t/dx 2)
Net calorific value: 10.0MJ/kg
Thermal capacity: 85.1MW x 2
Generator capacity: 52MW

Issy-les-Moulineaux (Paris), France

19©Hitachi Zosen Corporation, 2013

Hanoi, Nam Son plant, Vietnam

20Copyright Hitachi Zosen Corp.

Hanoi, Nam Son plant, Vietnam

Client: New Energy and Industrial Technology 
Development Organization (NEDO)

Completion: 2017.4

Technology: 
Furnace: Rotary kiln + Grate
Energy recovery: Boiler,
Steam Turbine & Generator, 
Flue gas treatment: Dry + SCR

Technical Data:
Fuel:  Industrial Waste
Treatment Capacity: 75t/d
Generator Capacity: 1,930kw

The first ever industrial waste incinerator and power generator built in Vietnam.
This project was implemented under NEDO, MONRE, and HPC with the formal MOU on 
international cooperation to promote energy efficiency technologies.
Hitachi Zosen took care of Japanese portion. As for Vietnamese, URENCO conducted their scope.   
The plant is operated as a symbol of good relationship between Japan and Vietnam as well.
As a showcase, the plant will be disseminated to other ASEAN areas and other kinds of waste as
well.

©Hitachi Zosen Corporation, 2013



Hitz (Hitachi Zosen) WtE PPP project

Copyright Hitachi Zosen Corp.

DevelopersLenders

Local 
GovernmentPower Company Project Company

(SPV)

Equity

Debt

a. Waste Supply & Processing Agreement
-MSW Capacity contract
-Min. MSW supply
-Waste tipping fee
-Fee adjustment mechanism

c. Power Purchase Agreement(PPA)
-Electricity Tariff
-100% Guaranteed off-take

b. Concession Agreement
-20-25 year concession periods
-Land & Boundary conditions
-Construction& O&M details

Our Role for WtE PPP project

Hitz
Local

Company Hitz Local 
Constructor

O&M of WtE EPC of WtE

SPV    : Special Purpose Vehicle
EPC    : Engineering, Procurement & Construction
O&M : Operation and Maintenance

EPC ContractO&M Contract

22

a,b

Central
Government

Contract Guarantee( a, b, c)

c

©Hitachi Zosen Corporation, 2013

Recovery of Recyclable Materials from Solid Waste

Collection of source-separated recyclable materials by 
wither the generator or the collector, with and without 
subsequent processing. 

Commingled recyclables collection with processing at 
centralized materials recovery facilities. 

Mixed MSQ collection with processing for recovery of the 
recyclable materials from the waste stream at mixed-waste 
processing or front-end processing facilities.



Measures of Recycling Performance

Capture rate: the weight percent of an eligible material in 
the total solid waste stream actually separated out for 
recycling. 

Participation rate: the percent of households that regularly 
set out recyclables. 

Recycling rate: the quantity of recyclables collected per 
household per unit of time. 

Diversion rate: performance factor in gauging the success 
of a recycling program which represents the weight of 
total solid waste that is not landfilled.

Closed loop recycling and Cascade recycling

Closed loop recycling 

as an essential waste management for environmental 
protection which is a production system with recycling 
process. 

From disposing waste to recovery and reproduced by 
considering the recyclable waste as potential. 

Protects the quality loss for new product rather than the 
reduced functionality 

Also, this system contains various benefits that reduces the 
engagements of original materials and protect the 
environment.



Closed loop recycling and Cascade recycling

Cascading or Downcycling 

the recycling of waste where the recycled material is of 
lower quality and functionality than the original material 

Often, this is due to the accumulation of tramp elements in 
secondary metals, which may exclude the latter from high-
quality applications. 

Steel scrap from end-of-life vehicles is often contaminated 
with copper from wires and tin from coating. This 
contaminated scrap yields a secondary steel that does not 
meet the specifications for automotive steel and therefore, it 
is mostly applied in the construction sector.

PET bottle recycling technology

Under the 3R policy, Japan has been 
collecting PET bottles, food trays, and cans 
separately for reuse as recycle resources in 
the manufacturing of new products. 

PET bottles are collected in accordance with 
the Act on the Promotion of Sorted 
Collection and Recycling Containers and 
Packaging. 

The collected bottles are cleaned, and caps 
and labels taken off to improve their quality. 

The bottles are then compressed, bound 
and passed on to reproduction contractors.

PET bottles at collection Sorting PET bottles when delivered to recycling operators

Valued transparent PET resin is 
sorted and extracted for raw resin. 
Residual plastic is used for chemical 
recycling. Water discharged during 
processing is purified to prevent 
water pollution.

●Examples of material recycling (PET bottle)
Many products are made from flakes and pellets. 
They are used to make PET sheets, resin products or 
remade into PET bottles.Crush Pelletize

Collected PET bottles Flake Pellet

Recycled uniform Spun yarn Fiber

Separable bale Transparent bottles

Recycled products
(1) Textiles : Suits, shirts, carpets, etc.
(2) Bottles : Bottles for detergents, cosmetic containers, etc.
(3) Sheets : Paper packs and cases, partitions in boxes, etc.
(4) Other : Stationery, containers, etc.

Removal of foreign matters from PET bottles

Examples of products made from recycled PET resin

Source:The Council for PET Bottle Recycling

Source:The Council for PET Bottle Recycling

PET flake

Cotton work gloves and bags

Effluent treatment equipment

Receiving yard

Label/cap 
separation

Dehydrator

W
asher

Fine crusher

Coarse crusher

Bale opener

Chemical recycling, etc.

Label/cap 
debris

Separation of color and 
other material bottles

Color bottles 
and bottles 
made with 

other material



Biomass utilization technology

Active use of biomass 
Waste generated in cities and villages includes 
combustible waste with low moisture content, such as 
paper, plastic, and wood debris; and waste with high 
moisture content, such as food production waste, kitchen 
waste, manure, sewage sludge, biomass and other organic 
sludge. 
Waste with high moisture content will generate methane 
gas and hydrogen sulfide when buried without treatment, 
causing environmental pollution. 
Incineration of high moisture waste requires sub-material 
to assist with the incineration. Cooking oil waste with low 
moisture content may be effectively recycled as BDF.

High moisture content biomass use

An operator commissioned by pig farms collects hog 
manure, kitchen waste from homes and businesses, and 
sludge from an effluent treatment facility and treats it in 
an integrated manner at a methane fermentation facility.
(1) Treatment capacity: 80t/day (kitchen waste - 24t/day; 

swine excrement - 50t/day; farming settlement discharge 
sludge - 6t/day)

(2) Methane fermentation facility: wet-type mesophilic fermentation
(3) Power generator: gas engine 170kWx2units (generates 

7,070kWh/day)
(4) Liquid fertilizer facility: Annual production of 2,500tons
(5) Composting facility: Annual production of approx. 290tons
(6) Water treatment facility: Active sludge + sludge solubilization

Pig farm Pig farm

Pig farm Pig farm

Pig farm Pig farm

Pig farm Pig farm

Home

Sannomiya District 
Farm Drainage Facility

Businesses

Sewage 
treatment

Farm produce production
Cultivation validated

Sewage
●Liquid fertilizer: 

2,500t/yr.

Farmland (house)
Welfare facility

●Excess heat (hot water)
1,000Mcal/day

Electric power selling

●Excess power
1,380kwh/day

●Compost: 
300t/yr.

Pig manure
50t/day

Kitchen 
waste

24t/day

Farm drainage 
and sludge

6t/day

Methane 
fermentation facility

80 t/day

Methane 
fermentation facility

80 t/day

Self-contained 
power in the facility

5,620kwh/day

Self-contained 
heat in the facility

8,300Mcal/day

Daimei District 
Farm Drainage Facility

Source:Hita City's website



Production of fuel oil (BDF) from oil waste

An operator commissioned by pig farms collects hog 
manure, kitchen waste from homes and businesses, and 
sludge from an effluent treatment facility and treats it in 
an integrated manner at a methane fermentation facility.

Treatment capacity: 80t/day (kitchen waste - 24t/day; 
swine excrement - 50t/day; farming settlement discharge 

Methane fermentation facility: wet-type mesophilic fermentation
x2units (generates 

Composting facility: Annual production of approx. 290tons
Water treatment facility: Active sludge + sludge solubilization

Cooking oil waste recovery system is structured to 
manufacture BDF, which is used as fuel for city-operated 
buses and garbage collection trucks.
(1) Treatment capacity: Vegetable oil waste - approx. 5t/day
(2) Treatment method: Fatty acid methyl ester
(3) Biodiesel fuel production: 5,000liter/day

M

M

Biodiesel production process

Cooking oil 
waste

Biodiesel fuel

Cooking oil 
waste Glycerin waste

Crude 
methyl ester

Crude 
methyl ester

Cleaning 
water waste

Cleaned 
methyl ester

Receiving waste oil Reaction Separation

Hot water cleaning
 (washing)Water removalFuel storage / Shipping

Methanol / 
catalyst

Cleaning 
water

Pretreatment Stand still

Separation / 
Dehydration

Stand still / 
Separation

Separation

Cleaning 
water

Source:Kyoto City's website

Status of recycling food waste in Japan
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※Method of estimation for 2008 and onward better reflect the actual status; therefore comparison 
　of the values before and after 2008 will not be accurate.



Food vs. Fuel

The dilemma regarding the risk of diverting farmland or 
crops for biofuels production to the detriment of the food 
supply. 

Food price inflation 

Corn is used to make ethanol and prices went up by a factor 
of three in less than 3 years. 

As corn is commonly used as feed for livestock, higher corn 
prices lead to higher prices in animal source foods. 

The 2007–2008 world food price crisis is blamed partly on 
the increased demand for biofuels.

 - - - -

Normal times Disasters
• Waste incineration
• Environmental education

• Civil Activity
• District electric power supply

• Continuous waste incineration
• Disaster waste treatment

• Shelter operation
• District electric power supply

Imabari City WMP joins people, local community, and the generations together by 
Safety & Security

�Offer Safe and Stable   
Waste Treatment

�Guard local area
and familiar to the public

�Provide environmental 
education, experience learning, 
and information

Designated 
Evacuation Shelter

©TAKUMA Co., ltd., 2020



 - - - - -

Evacuation 
shelter

Stockpile

�Up to 320 local residents can take shelter with no concern for a week.

Electric 
power supply

• Emergency generator
�including normal generator�

• Waste incinerating power generation

Lighting, Air conditioner, 
IH cooking equipment etc.  AVAILABLE

Water and 
Sewerage

• Well-water pumping equipment 
• Intensive water treatment

• Waste water storage tank

Lavatory, Washing room, Bath   AVAILABLE

• Take evacuee’s privacy
�Partition, Nursing room�

• Indivisual space for people requiring 
assistance during a disaster
�Barrier-free, Single room�

• Enough stock of foods and daily 
necessaries for one week

• Respond to various needs
�Sanitary goods�special-use food�

• The municipal authorities, SPC, local NPO operate the shelter together
•  Formulate the Business Continuity Plan (BCP)
• Conduct shelter establishment drill every year

�Establish a smooth operating system of shelter
Imabari

©TAKUMA Co., ltd., 2020

 - -

Civil activity Power purchase
peak cutting Event supporting Business vehicle

Gym Normal/Emergency 
Generator Local NPO

Electric 
vehicle

Shelter Facility power supply
Supporting shelter 

operation Mobile Power Supply

By adopting a new concept called Phase Free, 
utilizing disaster prevention efforts during normal times.

Normal times

Disasters

©TAKUMA Co., ltd., 2020


