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1 Introduction

The human being has consumed a large amount of resource and energy and has exhausted a large amount of environmental load material without considering limit of the earth, under a social system of mass production, mass consumption, and mass disposal. However, it is required conversion to a new production/ consumption system and a social economic system for establishment of sustainable society as today's various global environmental concerns and the waste problems become serious.
“The Sound Material-Cycle Society” is a concept for the new social system. In narrow sense, it is a society which does not discharge waste into the society by recycling. Our problems are not only waste problem but also resource problem. On the other hand, the Sound Material-Cycle Society is achieved by improving the productivity of the resource and energy (ratio of production and consumption to input of resource and energy) by the saving and recycling the resource in the wide sense. Effective use of the resource and discharge control of waste is important. Please do not misunderstand “The Sound Material-Cycle Society” as "Garbage 0 society."
2 Waste discharge and treatment in Japan

Based on Waste Management And Public Cleansing Law, Japanese waste is divided into two kinds, "Industrial waste" of the garbage which goes out of the factory and "Municipal waste" which is the household rubbish. Local governments have responsibility for municipal waste treatment and each company has responsibility for industrial waste treatment. In some region, the municipal waste includes not only waste from house but also waste from office and restaurant. 

1) Municipal waste

The amount of the municipal waste is 52,100,000 tons in 2001 fiscal year, and the waste amount each day a person becomes 1.1kg. The local government (city level) collects garbage, and the Ministry of Environmental Protection totals the data that the each local government collected in data concerning garbage. 
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The majority of the household rubbish is raw garbage (left-over food, scraps from cooking and out of use-by date food) and paper or plastic used as container or wrapping material, so measures against this garbage are requested. 

Figure 1 Breakdown according to weight and volume household garbage (Ueta et al)

In 2001 fiscal year, amount of recycled waste by the separated waste collection and the intermediate processing is 5,410,000 tons, and amount of the group collection, which is collected by the resident group etc., is 2,840,000 tons. Supposing amount in which both are matched is amount of recycle, the amount of recycle is 8,250,000 tons, and ratios of total processing waste to the group collection and the amounts of recycling becomes 15.0%.
The loss in weight processing rate of garbage is 91.4%, which direct incineration rate is 78.0%, and the intermediate processing rate such as recycle is 13.4%. Because the area of Japan is small, the reduction by incineration occupied the main current. Final disposal to land fill is 8.6% with decrease tending for these several years. In the remaining capacity of the land fill is 164,310,000m3 and the remainder years are 11.2 years. This is a value which increases for 8.7% increase and 1.8 years in the remaining capacity compared with the previous year. The remaining capacity of the final disposal is being improved from the rise of consideration to the waste problem in recent years. However, the reduction in the amount of the final disposal is requested strongly because it is difficult to construct a new disposal place by the citizen protest.   
2) Industrial waste

As for industrial waste, because each enterprise is disposing and treating, the detail situation is incomprehensible. Local governments do the questionnaire survey etc. to each entrepreneur, Ministry of The Environmental totals it, and the situation of industrial waste is clarified for that.
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The amount of a total exhaust of industrial waste in Japan is about 400,000,000 tons in 2001 fiscal year, and this is about eight times the municipal waste. In breakdown of the industrial waste, about 80 percent of the amount of a total exhaust is occupied by six high-ranking types of industrial sector, agriculture industry, electricity, gas, heat supply, water service industry, construction industry, pulp, paper, paper finished goods manufacturing industry, iron and steel industry, and mining industry. About 80 percent of the amount of total exhaust is occupied by three high-ranking articles, sludge, animal waste and construction waste.

Figure 2 industrial waste discharge according to industry sector and kind waste(The Ministry of Environment)
The ratio of the amount of the recycle, the amount of making to the loss in weight, and the amount of the final disposal is almost the same as the previous year. The amount of the recycle is about 183,000,000 tons, the amount of making to the loss in weight is about 175,000,000 tons, and the amount of the final disposal is about 42,000,000 tons. 46% of the exhausted industrial waste is recycled and 10% is disposed of finally. The remaining capacity of the final disposal is 179,000,000m3 (Increase for 3.1 years and 3,320,000m3 compared with previous year), and reduction in the amount of the final disposal is requested as municipal waste is.
3 Concept of the Sound Material-Cycle Society
There are two sides in the purpose of the “The Recycling-based” society. One is an environmental load decrease, and another is effective use for the resource and energy. As for current environmental measures, the principal object was put on the “End of Pipe Technology”, which processed the environmental load material exhausted from the man activity for the environmental load decrease. However, we cannot deal with new environmental load material (for instance, dioxin and endocrine disrupters) discovered one after another and a large amount of exhausted wastes only by the “End of Pipe Technology”. The mechanism that measures not only on the exit side but also on the entrance side, in a word, measures which do not put out the environmental load is necessary. As for usage of resource and energy, fossil fuel and the mineral wealth should not be collected one way but resource circulation and effective use of waste heat should be accomplished.

These environmental load decreases and effective use for the resource and energy are not independent but implications. The consumption of the virgin resource is saved at the same time as the environmental load's decreasing by recycling of waste. Moreover, the resource and the energy input to waste treatment decrease by developing a new productive process with a low exhaust of waste. In a word, to achieve the “Sound Material-Cycle Society” society is to establish society of high resource and energy productivity and a low environmental load types maintaining the system which offers various functions to be necessary in the social life, and this is the same as the construction of the sustainable society.
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Figure 3 Conversion from mass consumption society to “Recycling-based” society

1)Three Rs
Measures and technology to achieve the “Recycling-based” society can divide into Reduce, Reuse, and Recycle, and call these three Rs. 
①Reduce

Decrease the exhaust of waste by developing a new productive process. It is included to make waste a reduction by incineration and dryness. 
②Reuse

Waste is used again as it is without so putting the hand. For instance, use it again after washing the collected glass bottle. 
③Recycle

Conversion waste to resource again by using energy. For instance, build in the glass bottle again after crushing the collected glass bottle, and use it as a road pavement material.

Besides these three Rs, there are several methods to establish the “Recycling-based” society, not receive the product which becomes discretion (Refuse), separation and decomposing waste to use again (Refine), by repairing a used product and parts (Repair). 
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Figure 4 Diagram of “Recycling-based” Society

2)Recycle

Recycle is one means to construct the “Recycling-based” society. There is an effect of decrease the amount of the final disposal by converting the material which has been finally disposed up to now as waste into the resource and energy by recycling, and consume neither a new resource nor energy. However, there is respect where the resource and energy should be input on to recycle and it is necessary to note it very for the introduction of recycle. 
Recycle can be classified into three kinds depending on the form, Material recycle, Chemical recycle and Thermal recycle.

① Material recycle 

Generally the recycle is the material recycle waste, the material is recycled in case of conversion waste to resource again.   

②Chemical recycle

Chemical recycle is to recycle waste as a raw material of chemical industry, and it is a kind of the material recycle For instance, making the PET bottle oil, and obtaining monomer which is the raw material correspond.

③Thermal recycle

Thermal recycle is to incinerate waste and collect heat. It can be said to convert that waste which is unused resources cannot be used twice (incineration ash), and the last means of recycle. However, it is in waste when energy hangs greatly recycling (Energy hangs apart as various kinds mix it), and, for that case, is efficient measures. Refused Derived Fuel (RDF: it is built like the pellet after waste is dried) is a kind of thermal recycle. 
3)Waste recycle in Japan

Rate of recycle in Japan is 15% in the municipal waste and 46% in industrial waste. Though they are not high figures, some wastes are recycled at a high rate in the inside
①Recycled material

The material recycled at a high rate is an old paper, steel can, an aluminum can, and PET bottle now. Because the old paper, the steel can, and the aluminum can are recycled easily, the recycling rate is also high. On the other hand, because the approach on recycle just started, the PET bottle is lower than other materials the recycling rate with the enforcement of Containers and Packaging Recycling Law. 

Table 1 main recycling goods (2003)
	
	Exhaust amount
	recycling amount
	recycling rate
	Usage

	old paper
	Paper and hardboard domestic consumption

30,900 kt
	Collection

20,400 kt
	Collection rate 66.1%
	Recycled paper and timber for wooden box

	
	Paper material consumption (pulp, old paper, old pulp and so on)
30,560 kt
	consumption of old paper and old pulp
18,400 kt
	Old paper Availability 60.2%
	

	Steel can


	Consumption

911 kt
	797 kt
	Collection rate
87.5％
	Iron scrap

	Al can


	Sales

17,700 M can 
	Collection
14,600 M cans
	Collection rate
81.3％
	Al reproduction
ground metal

	PET bottle
	Production

437 kt
	collection
267 kt
	Collection rate
61.0％
	Pet bottle

Textile goods 
plastics product
Chemical recycle


Other than paper, can and PET bottle, glass bottle is also recycled. There are two kinds of glass bottle, one way bottle and returnable bottle. After washing returnable bottle, the bottle is recycled, and after crushing one way bottle, the cullet is recycled for new bottle or the road pavement material, etc. Consumption of the one way bottle is 166kt and that of returnable bottle is 218kt. 98kt of used the one way bottle is recycled as cullet. 
②Key industry which contributes to recycling

Recycle is possible from the view point of technology. Recycle system is difficult because of recycled material demand. Even when much waste is recycled, There are two major industries which could accept a large amount of wastes in recent years, cement industry and steel industry. 
   Cement industry

Cement is made by baking mixed materials that the lime stone, clay, and the iron dice by just proportions. Because the element (calcium, aluminum, silicon, and iron) included in the raw material of cement is included in the incineration ash, cement can be made from the incineration ash. (However, it is necessary to remove heavy metals and chlorines from the incineration ash beforehand.) Therefore, the cement industry is very powerful as the receiver of the waste incineration ash. Moreover, dioxin is decomposed almost completely though dioxin might be included in the incineration ash because it bakes it at the high temperature (1350℃ or more) when cement is made.

   Steel industry

The process of removing iron oxide in the iron ore (reduction) is done with the blast furnace in the steel industry, and the waste plastic is used as a reducing agent at this time. This method is called a blast furnace reduction method. In the blast furnace, coke is turned on with the iron ore, coke gasifies, and the carbon monoxide is discharged. This carbon monoxide reacts chemically with the iron ore, and the oxygen of iron oxide is removed. Because the waste plastic is the same carbon material as coke, the iron ore is reduced by blowing in to the blast furnace after used plastic is crushing and granulation processed as well as coke. 
In Japan, there are two steel companies which have waste plastic recycle technology. One is JFE holdings Inc., another is Nippon Steel Corporation. The Nippon Steel has a technology which recycles waste plastic as not only reductant for a blast furnace but also fuel gas and liquid. On the other hand, though JFE recycles waste plastic as reductant, it is developing technology which recycles waste plastic including polyvinyl chloride(PVC). PVC has bad impact on the blast furnace, so before waste plastic is input, it requires to remove PVC from waste plastic. JFE’s new technology solve this problem.
4)Problem of recycling
Though the introduction of recycle is worthy in the point to decrease the exhaust of waste to the society, there are various problems of the input energy and the merchantability, etc., too.
①Energy turned on to recycling

Energy is necessary for recycle. There is a possibility that the environmental load increases when energy necessary for recycle produces by using the virgin raw material if it is large. It is necessary to avoid putting huge energy to construct the “Recycling-based” society.
First of all, it is necessary to make the reduction give priority first of all when thinking about the priority level of above-mentioned 3R. Because, reduction discharges fewer environmental loads than reuse and recycle does. Next is reuse, and final is recycle. First several measures besides recycle should be considered. After that, if the necessity of recycle still is existed such as toxicity problem, the impact given to the society and the final disposal dump and wastes, it is necessary to think about recycle. 

②Demand for recycled goods

Recently, the kitchen waste which goes out of the home in various places is being performed to the recycled approach by an organic fertilizer. However, if there is no receiver of the organic fertilizer, organic fertilizers accumulate in the society and recycling is not promoted. The old paper has occurred to a similar situation. Moreover, the discretion collection of the PET bottle grows more than the amounts in the processing facilities the amount of the PET bottle collection which can be the acceptances though it started in recent years, and there is a region where the receipt with the processing facilities is not advanced either. 
We should consider not only is recycled products but demand of the products. The green purchase law enacted to solve such a problem promotes the consumption of the reproduction goods, and is paid to attention as a law which supports the recycling system. 

Though recycle is important, recycle should be recognized the final means because the resource and energy is necessary, and the receiver of the reproduction goods is not secured. 

4 Countermeasure for “The Sound Material-Cycle Society” in Japan

“The Sound Material-Cycle Society” is a key word which shows the approach on the sustainable society most widely widespread nowadays. Especially, it is often used as a catchphrase of environmental management. There are several countermeasures for the Sound Material-Cycle Society. For instance, National government has established several laws. In enterprises, the approach of the beer, the car, the semiconductor, and paper manufacture such as each factory is famous in the enterprise. Moreover, the attempt at the zero emission is done in the industrial park which several factories gathers, KOKUMO region(Yamanashi Prefecture), Kitakyushu, Kawasaki, and IIDA city (Nagano Prefecture), etc.. It is also important that countermeasures by not only industrial sector but also house sector. In industrial sector, it is easier to make countermeasure compared with that in house sector because of mass and unify waste. In house sector 
1)Law
Recently, law which aims at zero emission society construction are enforced, such as resource effective use promotion law, construction materials recycle law, food recycle law, green purchase law, revision Law Concerning Rational Use of Energy, recycling act for electrical appliances, and Containers and Packaging Recycling Law, etc. Basic law of them is "Fundamental Law for Establishing a Sound Material-Cycle Society" and in the law, the recycle based society is defined as follows.
The society of which it is controlled the product become wastes, promoted the product become the circulation resources properly when product becomes waste, and product which can not become circulation resources is disposed properly (disposal as waste is said) is secured, and the consumption of the natural resource is controlled, and the load to the environment is decreased as much as possible.
“Recycling-based” society is to use waste as resource, to reduce environmental load and to control natural resource consumption. An individual law is enacted based on this Fundamental law of recycle based society. Recycling act for electrical appliances and Containers and Packaging Recycling Law which is an individual method are described as follows. 
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Figure 5 Related chart of various laws which aim at zero emission society
①Fundamental Law for Establishing a Sound Material-Cycle Society
This Law defines "a Sound Material-Cycle Society" as a society 
1 where the consumption of natural resources is minimized and the environmental load is reduced as much as possible, by restraining products, etc. from becoming wastes, etc., 
2 promoting appropriate recycling of products, etc. when they have become recyclable resources, and 
3 securing appropriate disposal of the recyclable resources not recycled, which means the disposal as wastes.
This law focuses on final disposal reduction. The Sound Material-Cycle Society should include not only waste reduction but also concept of future society.
②Waste Management and Public Cleansing Law
The aim of this law is proper treatment of waste. As mentioned before, waste problem is serious in Japan mainly due to lack of final disposal. In order to make the final disposal be long, it is required to reduce volume of waste by combustion. Combustion facility should be large scale due to efficiency and environmental protection. Waste treatment system should be managed strictly. One of focuses about the management is quality of person or company who plays some roles in waste treatment system. For waste management business, there are three kinds of license, collection and transportation, intermediate treatment and final treatment. Local government gives these licenses to company individually. For example, a company who brings waste from A prefecture to B prefecture must have licenses in both prefecture. It is very difficult to get waste treatment license, because the law prohibits for improper company to the waste treatment business. But this high standard also prohibits for proper new comer, so there is no competition in waste treatment and treatment cost is very high.
In this law, 19 kinds of industrial waste is defined, ashes, sludge, waste oil, waste acid, waste alkali, waste plastics, waste paper, waste wood, waste fiber, animal and plants waste, waste rubber, waste metal, waste glass and ceramic, construction waste, animal waste, animal dead body, dust and by product in waste treatment. The licenses for waste management are permitted according to kind of waste. Final disposal site, land fill, also is classified according to kind of waste.
③Law for Recycling of Specified Kinds of Home Appliances
Local government collects 20 percent in a used consumer electronic (television, air conditioner, refrigerator, and washing machine) which is the object of recycle law for electrical appliances, and the shop is collecting the other 80 percent as a bulky garbage item. These used consumer electronics are serious problem of lack of waste disposal place. Moreover, treatment became a problem from respect of the fluorocarbon collection (The amount of ultraviolet rays which reached the ground increased if fluorocarbon was an ozone-depleting substance, and the ozonosphere was destroyed, and it was in the living thing the influence) in refrigerator. Therefore, the recycle law for electrical appliances was enacted for the recycling promotion of a used consumer electronic. The feature of this law obligates the recycle treatment to the manufacturer and it obligates the collection to the retail store. Moreover, the manufacturer assumes that the processing cost can be claimed to the consumer, and is aiming at a fair cost load. 
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Figure 6  Related chart of consumer, retail store, manufacturer, and local government in recycle act for electrical appliances
Problem

In the recycle facility electrical appliances are decomposed to mainly metal, plastic and mixed waste. Metal is easy to be recycled. On the other hands, plastic is not easy to be recycled, because there are many kinds of plastic. In order to recycle plastic, waste plastic should be separated according to material. But plastic includes many chemicals. Such chemicals make plastic recycle be difficult. And there is no information which chemicals are used for plastic. Now electrical appliances manufacturing company is trying to nifty kind for plastic for electrical appliance parts.
④Law for promotion of sorted collection and recycling of containers and packaging
The objective of this law is to reduce and recycle container wrapping waste which is bout 56% in capacity and about 23% in weight among municipal wastes. The feature is that three people "Consumer", "Local Government", and "Entrepreneur" related to the container and the packaging waste clarified the role in the recycle of the container wrapping. The consumer does discretion, the local government collects discretion, and the entrepreneur recycles. Actually, the entrepreneur can consign the business to The Japan Containers and Packaging Recycling Association which is the third person organization with the municipality. The containers and packaging material are plastic, pet bottle and glass bottle.
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Figure 7  Role of Consumer, local government and entrepreneur in Law for promotion of sorted collection and recycling of containers and packaging
Problem

Who pays recycle cost? This Law shows an answer for the question partially. The Japan Containers and Packaging Recycling Association is found to making a bridge between recycle facility and collection site. As the recycle technology, several technologies are recognized, textile and plastic sheet manufacture (for PET bottles), paper production, molded plastic production, RDF(Refused derived fuel), synthetic oil and so on.
Companies which manufacture packing pay cost to the association. But the fare is not enough. Local governments also pay cost to the society. As local government recycles the waste, it pays much to the society. As recycle increases, cost should reduce. If so, local government must be willing to recycle. 
In this law, recyclable packing material is strictly defined. But actually other packing material is also recyclable. Why this situation occurs? Some companies pay to The Japan Containers and Packaging Recycling Association as recycle fee. Containers and packing of some companies without payment to the association could not be accepted this recycle system.
Table 2　Law which supports Sound Material-Cycle Society
	Fundamental Law for Establishing a Sound Material-Cycle Society

	Enforcement years
	June, 2000

	Purpose
	Recycle based society is constructed.

	Feature
	· Entrepreneur and citizen’s obligations are specified. 

・Entrepreneur: Proper disposal of resource exhaust control of waste proper which cannot use circulation, and circulate

・The people: Cooperation in use for a long term of product, use of reproduction goods, and discretion collection and cooperation of country and local public entity in measure

	Waste Management and Public Cleansing Law

	Enforcement years
	1970

	Purpose
	Waste is properly processed.

	Feature
	・Making of a large amount of processing plan decision to waste disposer obligation

・Clarification of installation procedure of trash disposal facility

・Improvement of reliability and safety concerning industrial waste disposal

・Strengthening of permission requirement for waste management industry

	Resource effective use promotion law

	Enforcement years
	April, 2001

	Purpose
	Discharge control, recycle and collection of waste are promoted.

	Feature
	・Target setting of recycling to product which should be recycled, product which should display identification for discretion collection, and reusable by-product

・A specific trader is provided, and the improvement of the recycling rate is provided. 

・Obligation in country: Securing, science and technology promotion of the capital, and enlightenment to the people

	Construction materials recycling law

	Enforcement years
	June, 2002

	Purpose
	Discharge control, making to loss in weight, and reproduction profit of construction waste

	Feature
	· Obligating of discretion dismantlement and recycling

· The dismantlement method and the processing cost are specified in the contract. 

· Dismantlement construction trader's registration system

Installation of target of recycling

	Food recycling law

	Enforcement years
	June, 2001

	Purpose
	Promotion of discharge control, making to loss in weight, and reproduction use for food waste

	Feature
	· The entrepreneur and the consumer try to use the reproduction goods to control the discharge of the food waste etc.

· Obligation in country: Securing of the capital, and collection use and research and development of information

· Registration system of fertilizer and entrepreneur who makes it to fodder


Table 2　Law which supports circulation type society(continued)
	Green purchase law

	Enforcement years
	April, 2001

	Purpose
	Promotion of procurement of environmental article etc. such as countries

	Feature
	· Making of promotion procurement policy of procurement in country etc. etc.

・Offer of information concerning environmental article etc.

・Dissemination by entrepreneur

・Dissemination with environmental label etc.

・Dissemination and examination by country

	Revision Law Concerning Rational Use of Energy

	Enforcement years
	June, 2002

	Purpose
	Exhaust amount reduction of carbon dioxide promote conservation of energy of home appliance

	Feature
	· The conservation of energy target value and the target fiscal year are provided in home appliance.

	Object article
	Air conditioner, refrigerator, television, VTR, and fluorescent lamp apparatus

	Law for Recycling of Specified Kinds of Home Appliances

	Enforcement years
	April, 2001

	Purpose
	Establishment of recycling system of used consumer electronic exhausted from home

	Feature
	· Manufacturers owe recycling and retailer owes the obligation of the collection.
· The consumer bears appropriate cost.

	Object article
	Glass vessel, PET bottle, container made of paper wrapping, and plastic container wrapping

	container wrapping recycling method

	Enforcement years
	April, 2000

	Purpose
	Establishment of recycling system of container wrapping waste exhausted from home

	Feature
	· The consumer and municipality and entrepreneur's roles are specified. 

· Discretion exhaust of consumer

· Cities, towns, and villages are separated garbage collections. 

· The entrepreneur commercializes it again. 

	Object article
	Glass vessel, PET bottle, container made of paper wrapping, and plastic container wrapping


2)Eco-Industrial park, Eco-Town

As new environmental city plan to promote the Sound Material-Cycle Society, "Eco-town business" were founded by the Ministry of Economy, Trade and Industry and the Ministry of the Environment in Japan in 1997 fiscal year. The purpose is① Industrial promotion through promotion of environmental industry which makes the best use of existed industry in individual region ② The construction of the overall environmental harmony type system which aims at the zero emission society in the region, the public-sector, and the consumer are included.
Concretely, the local government makes the promotion plan. Approval makes a several supports, subsidy for construction and maintenance of recycle facility such as cement manufacture plant or PET bottle recycling equipment by private company, and support for promotion of business, expense, environmental industry, trade fair, technology, exhibition, cooperation, business talk and environmental industry, marketing.
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Figure 8 Japanese Eco-Town
The outline of Eco-town of the Sapporo City and the Kitakyushu City is shown as follows as a typical eco-town region.
①Sapporo City

Sapporo Eco-town is one which collected the recycling facilities of the municipal waste and the construction waste (industrial waste). As for private companies other than plastic facilities of making to oil, the profit is taken. It is difficult for the oil making facility to make a successful bid for the whole quantity, because the receipt of plastic is a competitive bidding.
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Figure 9 Sapporo Eco-Town
· Area: About 23ha. 

· Creation period: 1996 1994 fiscal year-fiscal year. 

· Business expense: 1,910,000,000 yen (Continuance business expense for three years). 

· Environmental assessment is executed to achieve environmental standards of an average urbanization promotion area and it obligates the observance to the entering enterprise. .

· Operating body: Private entrepreneur, third-sector company, and Sapporo City. Private entrepreneur. 

List of Facility

○Wasted oil reproduction facility (18s/day)

○Organic sludge processing facility (80k/day)

○Inorganic sludge disposal facility (300k/day)

○Special incineration facility (30t/day) 

○Abolition concrete reproduction facility (1,000t/day) 

○Garbage recycling center (50t/day) 

○Abolition tire recycling facility (31t/day) 

○Plastic oil making facility (43.5t/day) 

○PET bottle seat making facility (10t/day) 

○PET bottle, flakes, make, facility

○Construction system scrap recycling center (170t/day)  

○Inside marsh resource selection center (105t/day)
○Inside marsh plastic selection center (82.6t/day). 

②Kitakyushu City

Eco-town in Kitakyushyu city is the maximum in Japan. We could call, "Silicon Valley of the environmental industry" because university, local government, big enterprise, and venture company are concentrated and it forms Eco-town. The feature is that the proof area and the environment industrial complexes exist. The proof area is an area in which it centered on the research and development, and the university and the enterprise, etc. are concentrated. The environment industrial complexes are the areas where a real plant operates.
[image: image7.jpg]


     Figure 10 proof area
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Figure 11 environment industrial complexes
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Figure 12　 Resource circulation and environmental control System Research Institute: It does a joint research on a proper control technology of processing technology, recycling technology, and environmental pollutant control technology (Fukuoka University)
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Figure 13 Close type final disposal dump proof research facilities: Experimental study where influence of ooze water, powder dust and stink etc. on the outside are decreased by making the closed type final disposal dump proof intercepted concrete dome (Fujita Co.ltd)
List of recycle facility in environment industrial complexes
○PET bottle recycling business

· The PET bottle by which cities, towns, and villages collect discretion is recycled based on Containers and Packaging Recycling Law and reproduction PET resins which become raw materials of the fiber etc. are produced. 
· Operation in processing performance 20,000t/July, 1998 year (450,000,000/year)

○ Office automation apparatus recycling business

· Office automation apparatuses of the copier and the fax, etc. are decomposed, it selects highly, and parts of re-use and the reproduction raw materials of the high quality are produced. 
· Processing performance 5,400t/year
· Factory enhancing in June, 2001

○Car recycling business

· An improvement of the recycling rate and proper processing such as the oil fluorocarbon are advanced corresponding to the used car recycling initiative, and the high-quality recycling raw materials are produced. 
· Operation in 24,000/February, 2000 year (forward planning) during 18,000 processing performance/year (present)

○Consumer electronic recycling business

· The high-quality recycling raw materials are produced by highly decomposing and selecting four domestic electric equipment articles (television, refrigerator, air conditioner, and washing machine) based on recycling act for electrical appliances. 
· Four articles during about 500,000 processing performance/year. 
· Operation in April, 2000

○Fluorescent tube recycling business

· The luminescent material, the glass, and the metal, etc. are chiefly classified from the used, fluorescent tube exhausted by the office, and the recycling raw materials are produced. 
· Operation in processing performance 5,270t/October, 2001 year

○Medical treatment tools recycling business

· Medical devices are crushed, processed the high frequency, classified, the collection container is manufactured, and the solid fuel and the cement raw material are produced. 
· Processing performance 6,600t/year(operation for 24 hours)
· Operation schedule in September, 2002

③Aichi Prefecture
Eco-town in Aichi prefecture is recognized on September 2004 and it is the newest eco-town in Japan. Eco-town in Aichi prefecture does not locate in a specific park. It utilizes existed facility fully. Aichi establishes business council for environmental industry. Many companies join the council and discuss seed for new environmental business.
Aichi also focus on the importance of information about environment. to succeed environmental business, market research is important. On the waste business, how much waste discharges is most important information. Aichi arranges some kind of information about material flow and shows how much waste discharge is anticipated.

④Problem of Eco-town
The eco-towns which are introduced in this text are examples of success eco-town. Unfortunately the other eco-towns are almost failed. Which Eco-town succeeds or not depends on several reasons.
 1 Willing of local government

2 Commitment of private company
As mentioned above, there is no perfect market principle in waste treatment. It means that government contributes to waste treatment business much. Many recycle or treatment facility should be concentrated in eco-town. Number of companies in eco-town depends on willing of local government. Local government should support facility in eco town from subsidy, tax, license and so on.
At beginning stage, huge subsidy from national government is entered to the eco-town. The national government stops subsidy soon, then local government must continue to pay subsidy as waste treatment cost. Facility in Eco-town often introduces more novel technology than traditional waste treatment facility such as combustion facility, so cost to the eco-town facility is very high. For example, some city introduced RDF facility as a core technology of eco-town. But RDF technology often does not work, because it is not mature technology. So local government pays more money for treatment cost compared with traditional combustion facility. To avoid this kind of situation, each facility in eco town should be independence from subsidy of government. When each facility gets profit, the eco-town must be sustainable.
3) Countermeasure in Enterprises

Before the term of Sound Material-Cycle Society becomes popular, the term of “Zero emission” was popular in Japan. The zero emission was a boom after Asahi Breweries, Ltd. achieved the factory's making to the zero emission in the beginning in Japan, and each enterprise competed and the zero emission of the factory was achieved. The reason why the beer industry achieved zero emission is it discharged a few kinds and a large amount of waste. Moreover, it is organic material. Then it is easy to recycle such waste. The zero emission of the enterprise does only waste management and environmental protection. It can be said that the achievement of the zero emission is severer than this attestation for waste management though ISO14001.
Some points for corporate making to the zero emission are as follow.

①Make the basic environment plan. Board of the enterprise should positively take leading in this. Making to the zero emission is not persisted in if the board does not understand though the person in charge makes the plan.
②Take concrete data at the factory. Especially, the material flow and the energy flow are necessary. This contributes to not only making to the zero emission but also checking efficiency of the resource and energy possible, and the productivity improvement of the enterprise.
③The consideration of the zero emission must infiltrate the employee. Thorough discretion in the site achieves recycling waste. It is necessary for not only the regular member but also the part-timer especially the infiltration of consideration.

④Open data to the public. The trust of the citizens and the consumer’s union can be obtained. It leads to improvement of the corporate image that making data public to outside the company.
5 To design “Recycling-based” society
Various approaches are necessary to design the “Recycling-based” society. First of all, it is necessary to start from the enough understanding of an existing product, the environmental load and the resource and energy consumption of the productive process. Next, it is necessary to develop a new productive process and the product to improve them. Finally, a social system which contains the system of law to accept them to the society should maintain it. 
1) Life cycle assessment

Life cycle assessment (LCA) is to calculate all environmental loads and the energy consumption from the manufacturing stage in the product to the abandonment stage and to analyze the improvement to decrease the environmental load in the product, the material, and the process.
To calculate LCA we decide targeted product, material, and process, and set which stage to include within the range. If the range of the object is decided, generally three analyses are done as follows. 
・Inventory analysis

Environmental load and energy consumption at each stage from the manufacturing stage to the abandonment stage of the product etc. are estimated. 
・Environmental load influence evaluation

Amount of CO2, air pollutant and solid waste were estimated in the inventory analysis. These are converted into the index of the influence on the death, the disease risk rate of the human race, and the ecosystem etc. and the environmental impact is evaluated 
・Environmental load improvement analysis

The change point to improve a general environmental load is extracted. 
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Figure 14 Procedure of LCA
2) Material flow analysis

LCA targets an individual productive process and product. On the other hand, material flow analysis (MFA) targets a mass balance for big systems such as whole enterprise, industry, regions, and nations and evaluates resource, energy, product, and environmental load material. Because MFA can understand mass balance and accumulation for various regions, industry sector and chemical elements, it is possible to compare them according to regional or industry. 
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Figure 15 Material flow of manufacture in a small island (Goto et al 2004)
Figure 15 shows MFA in a small island. From this figure we find more than 90% of material which is consumed in the island is imported from outside island. Waste is accumulated in the island. In order to establish the sustainable island, the island stands by itself on material.
Figure 16 shows that material balance in house sector in a small island. This figure shows 1/3-1/2 of input material is going to be waste. Consumption causes waste discharge. So if we want to reduce waste discharge, we should consider to reduce consumption within minimum consumption. Next we should consider to how to reduce waste discharge when we consume same. We have to try to buy product with low packing. We should try to cook with low waste (Eco-cooking).
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Figure 16 Material balance in house sector in a small island (Goto et al 2004)
3) Product design

It is extremely difficult to recycle waste exhausted under the present situation, because waste is exhausted not as uniform but as mixed form. Only low quality product can be manufactured by making the mixed waste as raw material. Therefore, waste with high purity is requested for high quality reproduction goods as raw material. Even if becoming waste, it is necessary that product is easy to collect, reuse, recycle and dismantle. Because longevity of a product makes environmental load decrease, it is required to develop a long-lived product. We should consider an advantageous feature for recycle at development and the design stage of such a product. 

The idea to aim to establish product design, manufacturing, and dismantlement and reproduction goods based on thought which considers life cycle of product is "Inverse manufacturing”. Feature of inverse manufacturing is shown below. 
①long-lived

Maintenance (repair and part exchange) is easy. 
②It is easy to recycle, and to use it again.

Number of parts is little, and used parts are reusable to other products, and decomposition and washing are easy. 
Moreover, material, of which environmental load is decreased through the entire life cycle from resource to abandonment and characteristic and function is maximized, is called "Eco-material". The eco-material is classified into instance type (conserve consumption type, energy conversion type, and energy transport and storing type), correspondence type (purification function type and correspondence and conversion type) and mid-term strategies and a long-term, viewed aspect types. The product which uses the eco-material is called eco-products, and evaluation of environmental load which uses LCA from design and production of materials done to produce the eco-products to manufacturing product is called an eco-design. 
6 Concept of supporting Sound Material-Cycle Society
A lot of concepts for “Recycling-based” society have been supposed. It has aimed to promote both conversions to a new society, that is, a sustainable society from mass production and consumption type society. They correspond on the idea in the point of effective use of the reduction of the environmental load or the resource and energy, though the expressions are different. A common key word to each concept is as follows.
①Development of productive process, material, and product which does not discharge environmental load

②Improvement of productivity of resource and energy

③New social economic system

1) Development of productive process, material, and product which does not discharge environmental load

a. Cleaner Production

Concept advocated by United Nations Environment Program (UNEP) in 1990. It is assumed, "A preventive plan of a continuous, overall pollution is executed to the productive process, product, and service, and the profit on economy, a society, health, safety, and an environmental side is pursued" according to the international declaration adopted in 1998. In a word, it tries to promote the environmental load control and the resource effective use to three man activities like the productive process, product, and service.
b. Industrial Ecology

The idea which evaluates the interaction of industry and the environment by a life cycle assessment technique, and establish the low environmental load type industry and society construction which aims at sustainable development. The environmental impact concerning the product or the productive process to which it pays attention is evaluated, and a new product and the productive process are designed based on it. The material and the energy flow in industry are called industrial metabolism.

2) Improvement of resource and energy production

a. Zero emission

It was advocated by United Nations University in 1994, and effective use of the resource and discharge control of waste is pressed by constructing an industrial clustering which exchanges waste between different types of business. At first, the color for the developing country like the cooperation etc. of the foods industry which pays attention to the organic quality wastes of the hog raising with the organic quality waste, the fish cultivation, and the mushroom cultivation, etc. and the agriculture livestock industry was a strong concept. The examination for application to the industrialization region is advanced by the cooperation of the industrial-government-academic complex in Japan. Though being often misunderstood, mere "Garbage 0", the word has come to spread widely.

b. Factor 10

It was advocated by the Schmidt Brig of the Wuppertal laboratory in Germany to develop sustainable in 1991 because of the idea assumed to have to increase productivity to the energy used, the resource, and other materials by a factor of ten. MIPS(Material Input per unit Service) and COPS(Cost per unit Service) are advocated as an index which measures productivity. Concepts of factor 4 and factor 20, etc. are advocated.

c. Eco-Efficiency

The environmental measures activity indicator for sustainable development advocated by the World business council for sustainable development (WBCSD) in 1995. Both ecology and economy are indicated. It is advocated to make more products from a little resource, and there are a lot of common parts with factors 10. It is assumed that the leadership in management is the most important, and the competitive edge improvement at all life cycles of the product is necessary.
3) New social economic system

a. Natural step

The name of environmentalists established in Sweden in 1989, and when the concept and the activity that this group advocates are shown, it is used. The following four items have been enumerated as an element to build an industrial system into the natural circulation system. 

1) The number of materials (mineral wealth) gathered from the sphere of ground does not keep increasing in biosphere. 

2) The number of all artificial materials does not keep increasing in biosphere. 

3) A physical base which supports the circulation and the variety of nature, especially the land use form is defended. 

4) The resource is used impartially and efficiently to fill people's basic needs.

b. Service Economy

It pays attention to the circulation of a used product, and the function of the product (service) is offered from sales of the product. Only the function is offered without moving the property right, and a used product aims at the construction of the mechanism being sent back to the manufacturer. The conversion of sense of values to the use of the function because of the possession of the thing is advocated.
c. Ecological Engineering for Homeostatic Human Activities
This is a research project done in TUT. This is to establish novel concept, technologies and social system to ensure the sustainable future society with quality of life. homeostatic human activities in the future industrial society.
a. Development of method to design the homeostatic society 
b. Development of novel technology for evaluation of environment impact
c. Environment impact analysis
d. Technology development for environment impact minimization
e. Development of environment information system for sustainable industrial society
These research subjects are performed to present the vision of homeostatic industrial society and to form a top-research center leading ecological sciences in the world.
7 Conclusion

It is necessary to do the approach to construct the “Recycling-based” society at all fields and the levels like our daily life, the productive process of the factory and the law etc. The approach turned to the “Recycling-based” society is brought together as follows. 
①It is necessary to do production and consumption activity in consideration of all environmental loads in the society and the resource and the energy expenditures. 

②The development of a product which reproduces easily and a long-lived product is demanded to the enterprise. 

③A social system by which the national government or the local government, and the consumer and the entrepreneur share the load fairly is necessary. The entrepreneur develops a reproduction of waste and a new commodity, and the consumer maintains the lifestyle which supports the waste circulation system and the national or local government maintains the system of law that the “Recycling-based” society functions enough to establishment.
It is necessary to note it for the interpretation of word "“Sound Material-Cycle Society". Though the impression is received when the environmental load decreases by waste recycle, it is necessary to recognize that it is never so. For that, the aspect of the macro which catches the life cycle in the product and the process, in a word, the society as a whole is necessary.



























































































































